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NOVEL PROBES FOR THE DETECTION OF MYCOBACTERIA 

The present invention relates to novel probes and to mixtures of such probes, in addition to 
the design, construction and use of such novel probes or mixtures thereof for detecting a 
target sequence of one or more mycobacteria, which probes are capable of detecting such 
organism(s) optionally present in a test sample, e.g. sputum, laryngeal swabs, gastric lavage, 
bronchial washings, biopsies, aspirates, expectorates, body fluids (spinal, pleural, pericardial, 
synovial, blood, pus. bone marrow), urine, tissue sections as well as food samples, soil, air 
and water samples and cultures thereof. The invention relates in particular to novel probes 
and mixtures thereof for detecting the presence of one or more mycobacteria of the 
Mycobacterium tubercuiosis Complex (MTG) and for detecting the presence of one or more 
mycobacteria other than mycobacteria of the WlycobadBrium tuberculosis Complex (MOTT). 
The invention further relates to diagnostic kits comprising one or more of such probes. The 
probes of the present invention are surprisingly able to penetrate the cell wall of the 
mycobacteria, thus making possible the development of fast an easy-peribrmed in situ 
protocols. 

BACKGROUND OF THE INVENTION 

Tuberculosis is a very life-threatening and highly epidemic disease which is caused by 
infection with Mycobacterium tuberculosis. Tubercutosis is presently the predominant 
infectious cause of morbidity and mortBlity world-wide, and is estimated to kill about three 
million people annually. WHO estimates that the annual number of new cases of tuberculosis 
Will increase from 7.5 million in 1990 to 10.2 million in 2000. an escalation that will result .n 
approximately 90 million new cases during this decade. It is furthermore estimated that 30 
million people will die from tuberculosis during the 1990s, which equals one quarter of 
preventable deaths among adults. 

The prevalence of tuberculosis has been very high in the poorer parts of the world such as 
Asia Africa and South-America, but in recent years an increase has also been observed m 
industrialised countries. This appears to be due to an interaction of various factors including 
i a patterns of migration, pooriy organised tuberculosis programmes and nutrition problems. 
Furthermore, a serious threat will arise from the emergence of new strains that are drug 
resistant or worse, multi-drug resistant. 

Mycobacteria are often divided into tuberculous mycobacteria, i.e. mycobacteria of the 
Mycobacterium tuberculosis Complex (MTC). and non-tuberculous mycobactena, ,.e. 
mycobacteria other than those of the Mycobacterium tuberculosis Complex (MOTT) . The MTC 
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group comprises apart from M. tuberculosis, M. bovis, IVl, africanum and M, microti. 
Mycobacteria of the MOTT group are not normally patliogenic to healthy individuals but may 
cause disease in immunocompromised individuals, e.g. individuals infected with HIV. Clinical 
relevant mycobacteria of the MOTT group are in particular M. avium, M. intracellulare, M. 
kansasii and M. gordonae, but also M. scrofulaoeum, M. xenopi and M. fortuitum. 

M. avium and M. intracellulare together with M. paratuberculosis and Wl. lepraemurium 
constitute the Mycobacterium avium Complex (MAC). Extended with M. scrofulaoeum, the 
group is named Mycobacterium avium -intracellulare -scrofulaoeum Complex (MAIS), 

It is well-known that treatment of mycobacterial infections with antibiotics may lead to the 
emergence of drug resistant strains, t/lany antibiotic drugs excert their effects by interfering 
with protein synthesis or with transcription. Studies of the nrolecular mechanisms underlying 
certain antibiotic resistance phenotypes in clinical mycobacterium isolates have revealed 
mutations in rRNA genes. The development of resistance because of mutation(s) located in 
the rRNA gene is likely to occur since slow-growing mycobacteria have only a single rRNA 
operon. All mycobacteria populations comprise a minority of drug resistant mutants that have 
arisen by spontaneous mutation. These mutated nrrycobacteria do normally not survive 
particularly well, but. when single-drug therapy is offered as treatment, the drug susceptible 
bacteria are killed, and only the resistant mutants will survive and multiply, and, thus at some 
point, constitute the majority of the mycobacterial population. The selection of drug resistant 
bacteria due to inadequate drug therapy leads to a state of so-called "acquired drug- 
rBslstance". In contrast, "primary drug-resistance" is used to characterise a situation where 
drug-resistant mycobacteria can be isolated from a patient who has never been treated for 
mycobacterial infection, and has become infected with drug-resistant mycobacteria from an 
individual suffering from infection with an acquired drug resistant bacterium. 

Today, drug-resistance is determined primarily phenotypically by culturing clinical samples, in 
which presence of mycobacteria have been demonstrated, in the presence of the individual 
drugs. This is unfortunately a very slow and time-consuming procedure as the result of the 
drug-resistance studies depends on the growth rate of the mycobacteria, which are well- 
known to be slow. Thus, the result is not available until after several weeks. 

Although the incidence of drug-resistance is, at least not yet, very common, it is nevertheless 
35 very important that resistant strains are identified and eradicated. Therefore, it is of major 
importance to find a reliable and rapidly performed method of diagnosing drug-resistance. 

Presently, the detection of mycobacteria by microscopy is the most prevalent method for 
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diagnosis. The sample (e.g. an expectorate) is stained for the presence of acid-fast bacilli 
using e.g. Ziehl-Neelsen staining. However, staining for acid-fast bacilli does not provide the 
necessary information about the type of infection, only whether acid fast bacilli are present in 
the sample, and this is in itself not sufficient information for establishing a diagnosis. Samples 
positive for acid fast bacilli, may subsequently be cultured in order to be able to perform 
species identification. 

Since Ziehl-Neelsen staining cannot be used to determine whether the infection is caused by 
mycobacteria of the MTC group or mycobacteria other than mycobacteria of the MTC group, a 
positive staining frequently leads to very costly isolation of all the patients with suspected M. 
tuberculosis infection as well as treatment with medicaments to which the patient may not 
even respond. , 

Since the sensitivity of acid last staining is only approximately 10*-1 0= per ml smear negative 
samples should also be cultured as culture-based tests are sensitive, and as it may be 
possible to detect 10-100 organisms per sample, but the result is not available before up to 8 
weeks of culturing. Likewise, information about drug susceptibility is not available until after 1- 
3 weeks of further testing. 

Different solid or liquid media {Loewenstein Jensen slants and Dubos broth) have traditionally 
been used for culturing of mycobacteria-containing samples. Newer media include ESP Myco 
Culture system (Difco), MB/BacT (Organon Teknika), BacTec (Beoton Dickinson) and IWGIT 
(Becton Dickinson). These test media are based on colourmetric or fluorometric detection of 
carbon dioxide or oxygen produced by mycobacterial metabolism, and adapted to automated 
25 systems for large scale testing. 

Species identification is presently carried out following culturing using traditional biochemical 
methods or probe hybridisation assays (e.g. AccuProbe by Gen-Probe Inc., USA). There is, 
therefore, an increasing need for means allowing a more rapid distinction between 
30 mycobacteria of the MTC group and mycobacteria other than those of the MTC group, and for 
further species identification of those especially mycobacteria other than those of the MTC 
group. 

A number of new attempts to replace the culture-based methods relies on molecular 
35 amplification technology. Several methods have emerged, among them the polymerase chain 
reaction (PGR), the ligase chain reaction and transcription mediated amplification. The basic 
principle of amplification methods is that a specific nucleic acid sequence of the mycobacteria 
is amplified to increase the copy number of the specific sequence to a level where the 
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amplicon may be detectable. In principle, tlie methods offers tlie possibility of detecting only 
one target sequence, thus, in principle, making detection of mycobacteria present at low levels 
possible. However, it has become clear that the target amplification methods cannot replace 
culture-based methods as only samples which are positive by staining for acid fast bacilli 
(AFB) give a satisfactory sensitivity. Furthermore, specific problems exist for each method. 
The PGR method may give felse negative results due to the presence of inhibitors such as 
haemoglobin. Another problem arises from cross-contamination of negative specimens and/or 
reagents with amplified nucleic acid present in the laboratory environment leading to false 
positive results. A disadvantage is that costly reagents are needed for performing these tests. 
Furthermore, specialised instrumentation is required, making these tests mainly useful in large 
specialised laboratories, and generally not applicable in smaller clinical laboratories. 

Nucleic acid probes for detecting rRNA of mycobacteria have been described in for example 
US 5 547 842, EP-A 0 572 120 and US 5 422 242. 

Considering the perspective and impact the disease has, the development of rapid and 
preferably easy-performed and further economic feasible diagnostic detection tests are of 
utmost importance and would be a very valuable tool in the fight against the spread of 
tuberculosis. 

Peptide nucleic acids are pseudo-peptides with DNA-binding capability. The compounds were 
first reported in the early nineties in connection with a series of attempts to design nucleotide 
analogues capable of hybridising, in a sequence-specific fashion, to DNA and RNA, cf. WO 
92/20702. 

Hybridisation of peptide nucleic acid probes to DNA and to RNA has been shown to obey the 
Watson-Crick base pairing rules, and peptide nucleic acid probes have been found to 
hybridise to a DNA or a RNA target with higher affinity and specificity than the nucleic acid 
counterparts. These properties are ascribed to the uncharged, as opposed to the charged, 
structure of the peptide nucleic acid and DNA or RNA backbones, respectively, and to the high 
conformational flexibility ofthe peptide nucleic acid molecules. These features - together with 
the documented stability of peptide nucleic acid towards a variety of naturally occurring nuc- 
leases and proteases that usually degrade DNA, RNA or proteins - invite for use of peptide 
nucleic acid probes as antisense therapeutic agents and opens potentially important 
5 applications in diagnostics. 



SUMMARY OF THE INVENTION 
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The present invention relates to novel peptide nucleic acid probes and to mixtures of such 
probes for detecting a target sequence of one or more mycobacteria optionally present in a 
sample. In accordance with claim 1 , the probes are directed to target sequences of 
mycobacterial rRNA, genomic sequences corresponding to said rRNA (rDNA) and precursor 
rRNA. rRNA is present in a high number of copies in each cell, and is hence a well suited 
target The probes are, as defined in claim 2, suitably directed to target sequences of 
mycobacterial rDNA. precursor rRNA, or 23S, 16S or 5S rRNA. 

Thus, in a first aspect, the invention features a hybridisation assay probe and a mixture of 
10 such probes for detecting a target sequence of one or more mycobacteria in accordance with 
claim 1 and 2, Under appropriate stringency conditions, Such probes should not to any 
significant degree cross^react with ribosomat nucleip acid from other not relevant organisms, 
present in the test sample, in particular other mycobacteria. Cross-reactivity to organisms that 
are unlikely to be present in the sample may not be of importance. In in situ assays implying 
15 examination by microscopy, it is further possible to distinguish mycobacteria from other 
bacteria based on the morphology of these baciili. 

The invention also relates to peptide nucleic acid probes in accordance with claim 3 for 
obtaining a target sequence and in accordance with claim 4 for obtaining a probe. 
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In another aspect, the invention relates to novel peptide nucleic acid probes for detecting a 
target sequence of one or more mycobacteria of the MTC group, and one or more 
mycobacteria other than mycobacteria of the MTC group, which probes comprise from 6 to 30 
polymerised peptide nucleic acid moieties (claim 5). Suitable probes of formula (I) are claimed 
25 in claim 6. 

Claims 7 to 10 and 15 to 24 relate to probes or mixtures of such probes for detecting a target 
sequence of one or more mycobacteria of the MTC group. Claims 1 1 to 13 and 15 to 24 relate 
to probes or mixtures of such probes for detecting a target sequence of one or more 
30 mycobacteria other than mycobacteria of the MTC group (MOTT group). Claim 14 relates 
specifically to probes for detecting drug resistant mycobacteria. Claims 25 to 27 relate to the 
use of such probes or mixtures thereof. 

In accordance with claims 28 to 34, the present invention also relates to a method for 
35 detecting the presence of mycobacteria. 



in yet another aspect, the present invention relates to a kit (claim 35 and 36) comprising at 
least one peptide nucleic acid probe as defined in claims 1 to 24. 
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Mycobacteria are characterised by a complex cell wall which contains myolic acids, complex 
waxes and unique glycolipids. It is generally recognised by those skilled in the art that this wall 
provides mycobacteria with extreme resistance to chemical and physical stress as compared 

5 to other bacteria, and. accordingly, makes them very difficult to penetrate and lyse. The low 
permeability of the cell wall is considered to be the main reason for the fact that only very few 
daigs are effective In the treatment of tuberculosis and other mycobacterial infections. As 
described in US 5 582 985, the wall appears further to prevent penetration by nucleic acid 
probes. Even with short probes (shorter than 30 nucleic acids), specific staining is low or often 

10 non-existent. Protocols that allow DNA probes to be used for in situ hybridisation to 

mycobacterial species are described in US 5 582 985. However, these protocols require 
dewaxing of the mycobacterial cell wall with xylene and further enzymatic treatment prior to 
the hybridisation step in order to make the mycobacterial cell wall permeable to the DNA 
probes. 



15 



The problems set forth above have surprisingly been completely solved by the use of peptide 
nucleic acid probes. It has, surprisingly, been found that the peptide nucleic acid probes are 
able to penetrate the cell wall of the mycobacteria, and furthermore that this is taking place 
rapidly. The person skilled in the art would arrive at the conviction that it would be necessary 
20 to heavily treat the mycobacteria befbra hybridisation is carried out. Thus, based on the 

available prior art, there is a strong prejudice against carrying out hybridisation without prior 
destruction of the mycobacterial cell wall. The inventors have shown that this is indeed and 
unexpectedly possible. It has been demonstrated that the probes of the present invention are 
able to hybridise to mycobacterial precursor rRNA and rRNA without harsh treatment of the 
mycobacterial cells, thus avoiding a risk of interfering with the morphology of the cells. Using 
the present probes, specific and easy detection and. subsequently, diagnosis of tuberculosis 
and other mycobacterial infections are thus possible. 
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BRIEF DESCRIPTION OF THE FIGURES 

Alignments of rDNA sequences of M. tuberculosis (as a representative of the MTC group) and 
important closely related species thereto, including M. avium (as a representative of the 
mycobacteria other than those of the MTC group) and important closely related species 
thereto for the 23S. 168 and/or 5S rRNA genes have been made (Figures 1 A-1J. 2A-2D, 3, 
4A-4L and 5A-B). The alignment for M. bovis and M. intracellulare are partly based on public 
available sequences and partly on sequences obtained by sequencing performed at DAKO 
A/S. 



wo 98/15648 



7 



PCT/DK97/00425 



Alignment for the MTC group (23S rDNA) 

Figures 1A-1J show alignments of 23S rDNA sequences of M. tuberculosis (GenBank entry 
GB:MTCY130, accession number Z73902), M. avium (GenBank entry GB:MA23SRNA, 
accession number X74494), M, paratuberculosis (GenBank entry GBtMPARRNA. accession 

5 number X74495). U. phlei (GenBank entry GB:MP23SRNA, accession number X74493), U, 
leprae (GenBank entry GB:ML5S23S, accession number X56657), M. gastri (GenBank entry 
GB:MG23SRRNA, accession number Z1 7211), M, kansasil (GenBank entry 
GB:MK23SRRNA, accession number Z1 721 2). and M. smegmatis (GB:MS16S23S6, 
accession number Y08453). Preferred peptide nucleic acid probes should enclose at least one 

10 nucleobase complementary to a nucleobase of M. tuberculosis 23S rRNA within positions 

149-158. 220-221, 328-361, 453-455, 490-601. 637-660, 706-712, 762-789. 989, 1068-1072, 
1148, 1311-1329, 1361-1364, 1418, 1563-1570. 1627-1638, 1676-1677. 1718, 1734-1740, 
1967-1976, 2403-2420, 2457-2488, 2952-2956, 2966-2969, 3000-3003, and 3097-3106 of the 
alignment (indicated by heavy frames). Differences between the sequences of M. avium, M. 

15 phlei, M. leprae, M, paratuberculosis. M. gastri and M. kansasil and that of M, tuberculosis in 
the alignment are indicated by light frames. 



Alignment for the MTC group (16S rDNA) 

Figures 2A-2D show alignments of 16S rDNA sequences of M. tuberculosis (GenBank entry 

0 GB:MTU16SRN, accession number X52917), M. bovis (GenBank entry GB:MSGTGDA, 
accession number M20940), M. avium (GenBank entry GBiMSGRRDA, accession number 
M61673), M. intracelluiare (GenBank entry GB:MIN16SRN, accession number X52927), M. 
paratuberculosis (GenBank entry GB:MSGRRDH, accession number M61680), M. 
scrofulaceum (GenBank entry GB:MSC16SRN, accession number X62924), M. leprae 

i5 (GenBank entry GB:MLEP16S1 , accession number X55587), M. kansasil (GenBank entry 
GB:MKRRN16. accession number X16916), M. gastri (GenBank entry GB:MGA16SRN, 
accession number X5291 9), M. gordonae (GenBank entry GB:MSGRR16SI, accession 
number M29563) and M. marinum (GenBank entry GB:MMA16SRN, accession number 
X52920). Prefen-ed peptide nucleic acid probes should enclose at least one nucleobase 

30 complementary to a nucleobase of M. tuberculosis 16S rRNA within positions 76-79, 98-101 . 
135-136, 194-201, 222-229, 242. 474, 1136-1145, 1271-1272, 1287-1292, 1313, and 1334 of 
the alignment (indicated by heavy frames). Differences between the sequences of M. bovis. M. 
avium, M. intracelluiare, M. paratuberculosis, M. scrofulaceum, M. leprae. M. kansasil. M. 
gastri. gordonae and marinum, and that of M. tuberculosis in the alignment are indicated 

35 by light frames. 

Alignment for me MTC group (5S rDNA) 

Figure 3 shows alignments of 5S rDNA sequences of M, tuberculosis (GenBank entry 
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GB.MTDNA16S, accession number x75601), Wl. bovis (GenBank entry GB:MBRRN5S, 
accession number X05526), M. phlei (GenBank entry GB:MP5SRRNA, accession number 
X55259). Wl. leprae (GenBank entry GB:ML5S23S, accession number X56657). and Wl. 
smegmatis (GenBank entry GB:MS16S23S5. accession number Y08453). Preferred peptide 
5 nucleic acid probes should enclose at least one nucleobase complementary to a nucleobase 
of M. tuberculosis 5S rRN A within positions 86-90 of the alignment (indicated by heavy frame). 
Differences between the sequences of M. bovis. M. phlei, M. leprae. M. smegmatis and M. 
luteus and that of M. tuberculosis in the alignment are indicated by light frames. 

10 Alignment for Mycobacteria offter than frtose of the MTC group (23S rDNA) 

Figures 4A-4L show alignments of 23S rDNA sequences of M. avium (GenBank entry 
GB:MA23SRNA. accession number X74494). M.- paratuberculosis (GenBank entry 
GB:MPARRNA, accession number X74495). M. tuberculosis (GenBank entry GB:MTCY130. 
accession number Z73902). M. phlei (GenBank entry GB:W1P23SRNA. accession number 
15 X74493), M. leprae (GenBank entry GB:ML5S23S. accession number X56657), M. gastri 
(GenBank entry GB:MG23SRRNA, accession number Z17211). M. kansasii (GenBank entry 
GB:MK23SRRNA, accession number Z1 7212). and M. smegmatis (GB:MS16S23S5. 
accession number Y08453). Preferred peptide nucleic acid probes should enclose at least one 
nucleobase complementary to a nucleobase of Wl. avium 23S rRNA within positions 99-101. 
20 183, 261-271. 281-284, 290-293, 327-335, 343-357, 400-405. 453-462, 587-599. 637-660. 
704-712, 763-789, 1060-1074. 1177-1185. 1259-1265, 1311-1327. 1345-1348. 1361-1364. 
1556-1570. 1608-1613. 1626-1638. 1651-1659. 1675-1677. 1734-1741. 1847-1853. 1967- 
1976. 2006-2010, 2025-2027. 2131-2232. 2252-2255, 2396-2405. 2416-2420. 2474-2478. 
2687. 2719. 2809, 3062-3068. and 3097-3106 of the alignment (indicated by heavy frames). 
25 Differences between the sequences of M. paratuberculosis. M. tuberculosis. Wl. phlei, M. 
leprae, Wl. gastri, M. kansasii. and M. smegmatis and that of M. avium in the alignment are 
indicated by light frames. 

Alignment for Mycobacteria other than those of the MTC group (16S rDNA) 
30 Figures 5A-5B show alignments of 16S rDNA sequences of M. avium (GenBank entiy 
GB:WISGRRDA, accession number M61673), Wl. intraoellulare (GenBank entry 
GB:MIN16SRN, accession number X52927),WI. paratuberculosis (GenBank entry 
GB:MSGRRDH, accession number M61680), M. scrofulaceum (GenBank entry GB: 
MSC16SRN, accession number X52924). M. tuberculosis (GenBank entry GB:MTU16SRN, 
35 accession number X52917). M. bovis (GenBank entry GB:WISGTGDA, accession number 

WI20940), M. leprae (GenBank entry GB:WILEP16S1, accession number X55587). Wl. kansasii 
(GenBank entry GB:MKRRN1 6, accession number X1 5916), and Wl. gastri (GenBank entry 
GB:WIGA16SRN, accession number X52919), Wl. gordonae (GenBank entry GB:W1SGRR16S1, 
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accession number M29563), and Wl. marinunn (GenBank entry GB:MMA16SRN, accession 
number X52920). Preferred peptide nucleic acid probes stiould enclose at least one 
nucleobase complementary to a nucleobase of M. avium 16S rRNA within positions 135-136, 
472-475, 1 136-1144, 1287-1292, 1313. and 1334 of the alignment (indicated by heavy 
frames). DiffetBnces betyween the sequences of M. intracellulare, M. paratuberculosis, M. 
scrofulaceum, M. tuberculosis, M. bovis. M. leprae, WI. kansasii, and M. gastri and that of M. 
avium in the alignment are indicated by light frames. 



Drug-resistance 

10 Figure 6 shows a partial M. avium 23S rDNA sequence including positions 2550 to 2589 of 
GenBank entry X74494. Bases in positions where deviations from the wild-type sequence 
have been correlated with macrolide-resistance arerframed. Positions 2568 and 2569 it) the 
figure correspond to positions 2058 and 2059, respectively, of E. coll 23S rRNA. 

15 Figure 7 shovira a partial M. tuberculosis 16S rDNA sequence including positions 441 to 491 
and 843 to 883 of GenBank entry X52917. Bases in positions where deviations from the wild- 
type sequence have been correlated with resistance to streptomycin are framed. Positions 
452, 473, 474, 477. 865, and 866 in the figure correspond to positions 501 , 522, 523, 526, 
912, and 913, respectively, of E.coli 16S rRNA. 
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SPECIFIC DESCRIPTION 



The present invention provides novel probes for use in rapid and specific, sensitive 
hybridisation based assays for detecting a target sequence of one or more mycobacteria, 
25 which target sequence is located in the mycobacterial rDNA, precursor rRNA, or in the 23S, 
16S or 5S rRNA. The probes to be used in accordance with the present invention are peptide 
nucleic acid probes. Peptide nucleic acids are non-naturally occurring polyamides or 
polythioamides which can bind to nucleic acids (DNA and RNA). Such compounds are 
described in e.g. WO 92/20702. 



We have identified suitable variable regions of the target nucleic acid by comparative analysis 
of generally available rDNA sequences and sequences obtained by sequencing as described 
above. Computers and computer programs, which have been used for the purposes disclosed 
herein, are commercially available. From such alignments, possibly suitable probes can be 
identified. The alignments are thus a useful guideline for designing probes with desired 
characteristics. 

When designing the.probes, due regard should be taken to the assay conditions under which 
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the probes are to be used. Stringency is ciiosen so as to maximise tlie difference in stability 
between the hybrid formed with the target nucleic acid and that formed with the non-target 
nucleic acid. It will typically be necessary to choose high stringency conditions for probes 
where the specificity depends on only one mismatch to non-teirget sequences. The more 
5 mismatches to non-target sequences, the less demand for high stringency conditions. 



Furthermore, probes should be designed so as to minimise the stability of probe-non-target 
nucleic acid hybrids. This may be accomplished by minimising the degree of complementarity 
to non-target nucleic acid, i.e. by designing the probe to span as many destabilising 

10 mismatches as possible, and/or to include as many additions/deletions relative to the target 
sequence as possible. Whether a probe is useful for detecting a particular mycobacterial 

- species depends to some degree on the difference between the thermal stability of probe- 
target hybrids and probe: non-target hybrids. For rRNA targets, however, the secondary 
structure of the region of the rRNA molecule in which the target sequence is located may also 

15 be of importance. The secondary structure of a probe should also be taken into consideration. 
Probes should be designed so as to minimise their proclivity to fonn hairpins, self-dimers. and 
pair-dimers if a mixture of two or more probes is used. 

Mismatching bases in hybrids formed between peptide nucleic acid probes and nucleic acids 
20 result in a higher thermal instability than mismatching bases in nucleic acid duplexes of the 

same sequences. Thus, the peptide nucleic acid probes exhibit a greater specificity for a given 
target nucleic acid sequence than a traditional nucleic acid probe, which is seen as a greater 
difference in T„ values for probe-target hybrids and probe-non-target hybrids. The sensitivity 
and specificity of a peptide nucleic acid probe will also depend on the hybridisation conditions 
25 used. 

The primary concern regarding the length of the peptide nucleic acid probes is the warranted 
specificity, i.e. which length provides sufficient specificity for a particular application. The 
optimal length of a peptide nucleic acid probe comprising a particular site with differences in 
30 base composition, e.g. among selected regions of mycobacterial rRNA, is a compromise 
between the general pattern that longer probes ensure specificity and shorter probes ensure 
that the destabilising differences in base composition constitute a greater portion of the probe. 
Also, due regard must be paid to the conditions under which the probes are to be used. 

35 Peptide nucleic acid sequences are written from the N-temiinal end of the sequence towards 
the C-terminal end. A free (unsubstituted) N-terminai end or an N-terminal end terminating 
with an amino acid is indicated as H, and a free C-terminal end is indicated as NHj (a 
cariDoxamide group). Peptide nucleic acids are capable of hybridising to nucleic acid 
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sequences in two orientations, namely in antlparallel orientation and in parallel orientation. Tlie 
peptide nucleic acid is said to hybridise in the antiparallel orientation when the N-terminal end 
of the peptide nucleic acid is facing the 3' end of the nucleic acid sequence, and to hybridise in 
the parallel orientation when the C-terminal end of the peptide nucleic add is facing the 5' end 
of the nucleic acid sequence, in most applications, hybridisation in the antiparallel orientation 
Is preferred as the hybridisation in the parallel orientation takes place rather slowly and as the 
fbrmed duplexes are not as stable as the duplexes having antiparallel strands. Triplex 
formation with a stoichiometry of two peptide nucleic acid strands and one nucleic acid strand 
may occur if the peptide nucleic acid has a high pyrimidine content. Such triplexes are very 
stable, and probes capable of forming triplexes may thus be suitable for certain applications. 



Mainly because the peptide nucleic acid strand is uncharged, a peptidie nudeio acid-nudeic 
add-duplex will have a higher T„ than the corresponding nudeic acid-nucleic acid-duplex. 
Typically there will be an increase in T„ of about 1 "*C per base pair at 1 00 mM NaCI 
15 depending on the sequence (Egholm et al. (1993), Nature, 365, 566-568). 

In contrast to DNA-DNA-duplex fomiation, no salt is necessary to fadlitate and stabilise the 
formation of a peptide nucleic acid-DNA or a peptide nucleic acid-RNA duplex. The T„ of the 
peptide nudeic acid-DNA-duplex changes only little with increasing ionic strength. Typically for 

20 a 15-mer, the T„ will drop only 5 °C when the salt concentration is raised from 10 mM NaCI to 
1 M NaCI. At low ionic strength (e.g. 10 mM phosphate buffer with no salt added), 
hybridisation of a peptide nucleic add to a target sequence is possible under conditions where 
no stable DNA-DNA-duplex fomiation occurs. Furthermore, target sites that nomnally are 
inaccessible can be made more readily accessible for hybridisation with peptide nudeic add 

25 probes at low salt concentration as the secondary and tertiary structure of nucleic adds are 
destabilised under such conditions. Using peptide nudeic acid probes, a separate 
destabilising step or use of destabilising probes may not be necessary to perform. 

rRNA is essential for proper function of the ribosomes and thus the synthesis of proteins. The 
30 genes encoding the rRNAs are in eubacteria located in an operon in which the small subunit 
RNA gene, the 16S rRNA gene, is located nearest the 5' end of the operon, the gene for the 
large subunit RNA, the 23S rRNA gene, is located distal to the IBS rRNA gene and the 5S 
rRNA gene is located nearest the 3' end of the operon. The three genes are separated by 
spacer regions in which tRNA genes may be found, however, there are none in M. 
35 tuberculosis. The primary transcript of the eubacterial rRNA operon is cleaved by RNaselll. 
This cleavage results in separation of the 16S. the 23S and the 5S rRNA into precursor rRNA 
molecules (pre-rRNA molecules) which besides the rRNA species also contain leader and tail 
sequences. The primary RNase III cleavage is normally a rapid process, whereas the 
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subsequent maturation is substantially slower. Precursor rRNA is typically more abundant 
than even strongly expressed mRNA species. Thus, for certain applications, precursor rRNA 
may be an attractive diagnostic target. In order to specifically detect precursor rRNA, a target 
probe should be directed against sequences comprising at least part of the leader or tail 
sequences. A target probe may further be directed against sequences of which both part of 
the leader/tail and mature rRNA sequences are constituents. 

Usually, patients having contracted a mycobacterial infection are treated with medicaments 
until no mycobacteria can be found In the sputum. Except for culturing, the presently available 
methods do not allow for clear distinguishing between living and dead mycobacteria. This 
means that a patient may often be treated with medicaments for a longer period of time than 
actually necessary. A way of determining the progress of treatment would be a very A^aluable 
tool In the fight of tuberculosis and other mycobacterial diseases. 

As transcription and maturation of rRNA is a measure of viability, detection of precursor rRNA 
is a suitable and direct measure of viability of the bacteria. Furthermore, precursor rRNA may 
be used for identification of antibiotic drugs which reduce or inhibit rRNA transcription. One 
such example is rifampicin. A transcriptional inhibitor will in susceptible bacteria eliminate new 
synthesis of rRNA and thus the pool of precursor rRNA will be depleted. However, in resistant 
cells, primary transcripts as well as precursor rRNAs will continue to be produced. 

Although it is preferred to use peptide nucleic acid probes targeting specific sequences of 
rRNA, it will readily be understood that peptide nucleic acid probes complementary to rRNA 
targeting probes will be useful for the detection of the genes coding for said sequence specific 
rRNA (rDNA), and peptide nucleic acid probes for the detecting rDNA is hence contemplated 
by the present invention. Although it is preferred to choose the sequence of the probe so as to 
enable the probe to hybridise to its target sequence in antiparallel orientation, it is to be 
understood that probes capable of hybridising in parallel orientation can be constructed from 
the same information. The present invention is intended to cover both types of probes. 

in the broadest aspect, the present invention relates to peptide nucleic acid probes for 
detecting a target sequence of one or more mycobacteria optionally present in a test sample, 
said probe being capable of hybridising to a target sequence of mycobacterial rDNA, 
precursor rRNA or rRNA (claim 1). 

The probes of the invention may suitably be directed to rDNA precursor rRNA. or to 23S. 16S 
or 5S rRNA. 
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In accordance with claim 3, the target sequences, to which the peptide nucleic acid prot)e(s) 
are capable of hybridising to, are obtainable by 

(a) comparing the nucleobase sequences of said mycobacterial rRNA or rDNA of one or more 
5 mycobacteria to be detected with the corresponding nucleobase sequence of organism(s), in 

particular other mycobacteria, from which said one or more mycobacteria are to be 
distinguished, 

(b) selecting a target sequence of said rRNA or rDNA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organism(s), in particular other 

10 mycobacteria, from which said one or more mycobacteria are to be distinguished, and 

(c) determining the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids. 



15 



Peptide nucleic acid probes are, in accordance with claim 4, obtainable by 



(a) comparing the nucleobase sequences of said mycobacterial rRNA or rDNA of one or more 
mycobacteria to be detected with the corresponding nucleobase sequence of organism(s), in 
particular other mycobacteria, in particular other mycobacteria, from which said one or more 
mycobacteria are to be distinguished, 
20 (b) selecting a target sequence of said rRNA or rONA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organlsm(s), in particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished, 
(c) synthesising said probe, and 

(4) determining the capability of said probe to hybridise to the selected target sequence to 
25 form detectable hybrids. 

The probes are in particular suitable for detecting a target sequence of one or more 
mycobacteria of the Mycobacterium tuberculosis Complex (MTC) or for detecting a target 
sequence of one or more mycobacteria other than mycobacteria of the Mycobacterium 
30 tuberculosis Complex (MOTT) optionally present in a sample, which probe comprises from 6 
to 30 polymerised peptide nucleic acid moieties, said probe being capable of hybridising to a 
target sequence of mycobacterial rDNA, precursor rRNA or 23S. 16S or 5S rRNA forming 
detectable hybrids (claim 5). In accordance with claim 6, such probes may comprise peptide 
nucleic acid moieties of fomiula (I) 
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(I) 



wherein each X and Y independently designate O or S, 

each Z independently designates O. S. NR\ orC(R^)2. wherein each independently 
designate H, C,.6 alkyi, C,^ alkenyl. alkynyl. 
10 each and designate independently H. the side chain of a naturally occurring amino 
acid, the side chain of a non-naturally occurring amino acid, Cm alky'. Cm alkenyl or C,^ 
alkynyl, or a functional group, each Q independently designates a naturally occurring 
nucleobase, a non-naturaliy occurring nucleobase, an intercalator, a nucleobase-blnding 

group, a label or H, 
15 • and with the proviso indicated in claim 6. 

The probes may suitably be used for detecting a species specific mycobacterial target 
sequence, or target sequences of a group of mycobacteria like MTC. MOTT, MAC or MAIS. 
The probes may further be designed so as to be capable of hybridising to one or more drug 
20 resistant mycobacteria, or. alternatively, to the wild-type corresponding thereto. In the design 
of the probes, sequences between different mycobacteria (one or more) may be taken into 
account as may sequences from other related or non-related organisms (one or more). 



As mentioned above, drug-resistance is an increasing threat to the fight of mycobacterial 
infection. Monotherapy with macrolides such as clarithromycin and azithromycin often leads to 
clinically significant drug-resistance. Clarithromycin and azithrumycin are important drugs in 
the treatment of infections by especially M. avium. Comparisor. between 23S rRNA sequences 
from isolates of M. avium and M. intracellulare with acquired resistance to clarithromycin and 
azithromycin and 23S rRNA sequences from non-resistant strains has revealed that the 
30 majority of resistant strains have single-point mutations In the 23S rRNA in positions 

corresponding to 2058 and 2059 in E. coll 23S rRNA. In the M. avium 23S rRNA sequence 
(GenBank accession number X74494), the corresponding bases are in position 2568 and 
2569, respectively, as shown in Figure 6. Most susceptible strains have an A residue in one of 
these positions whereas the resistant strains have a 0. G or T in position 2058 (E. coli 
numbering corresponding to 2568 in M. avium with GenBank accession number X74494), or 
G or C in position 2059 (E. coli numbering corresponding to 2569 in M. avium with GenBank 
accession number X74494). 



35 
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3ing|e-point mutations in rRNA apparently also account to some degree for streptomycin 
resistance. Streptomycin, the first successful antibiotic drug against tuberculosis, is an 
aminocyclitol glycoside that perturbs protein synthesis at the ribosomal level. The genetic 
basis for streptomycin resistance has not yet been completely solved. However, some 

5 streptomycin resistant strains of M. tuberculosis have single-point mutations in 16S rRNA. 
These mutations are located in positions corresponding to bases 501. 622, 523, 626, 912 and 
913 In E. coli 16S rRNA which correspond to bases with numbers 452, 473, 474, 477, 865 and 
866, respectively, of M. tuberculosis 16S rRNA (GenBank accession number X62917) as 
shown in Figure 7. Most of these mutated nucleotides are involved in structural interactions 

10 within the 530 loop of 16S rRNA which is one of the most conserved regions in the entire 16S 
rRNA gene. 

Mutations in an 81 bp region of the gene (rpoB) encoding the beta subunit of RNA polymerase 
are the cause of 96% of the cases of rifampicin resistance in M. tuberculosis and leprae. 

15 rRNA precursor molecules have terminal domains (tails) which are removed during late steps 
in precursor rRNA processing to yield the mature rRNA molecules. Transcriptional Inhibitors 
such as rifampicin can deplete precursor rRNA in sensitive ceils by inhibiting de novo 
precursor rRNA synthesis while allowing maturation to proceed. Thus, precursor rRNA is 
depleted in susceptible mycobacterium cells while it remains produced in resistant 

20 mycobacterium cells when the cells are exposed to rifampicin during culturing. 

Peptide nucleic acid probes for detecting a target sequence of one or more mycobacteria of 
the Mycobacterium tuberculosis Complex are defined in claims 7 to 10. Peptide nucleic acid 
probes for detecting a target sequence of one or more mycobacteria other than mycobacteria 
25 of the Mycobacterium tuberculosis Complex are defined in claims 11 to 13. Peptide nucleic 
acid probes for detecting a target sequence of one or more drug resistant mycobacteria of the 
Mycobacterium tuberculosis complex or of one or more drug resistant mycobacteria other than 
mycobacteria of the Mycobacterium tuberculosis Complex are defined in claim 14. 

30 In the present context and the claims, the term "naturally occurring nucleobases'' includes the 
four main DMA bases (i.e. thymine (T). cytosine (C), adenine (A) and guanine (G)) as well as 
other naturally occurring nucleobases (e.g. uracil (U) and hypoxanthine). 

The term "non-naturally occurring nucleobases" comprises i.a. modified naturally occurring 
35 nucleobases. Such non-naturally occurring nucleobases may be modified by substitution by 
e.g. one or more Ci_a alkyl, C^e alkenyl or 0,,s alkynyl groups or labels. Examples of non- 
naturally occurring nucleobases are purine, 2,6-diamino purine. 5-propynylcytosine (0 
propynyl), isocytosine (iso-G). 5-methyl-isocytosine (iso'^^C) (see e.g. Tetrahedron Letters Vol 
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36, No 12, 2033-2036 (1995) or Tetrahedron Letters Vol 36, No 21, 3601-3604 (1995)), 1- 
deazaadenine, 7-deazaguanine, N'^-ethanocytosine, N^-ethano-2,6-diaminopurine, 5-(Cs.6)- 
alkenyiuracil, 6-(C3.6)~alkynylcytosine, S-fluorouracil and pseudocytosine, 

5 Examples of useful intercalators are e.g. acridin, antraquinone, psoralen and pyrene. 

Examples of useful nucleobase-binding groups are e.g. groups containing cyclic or 
heterocyclic rings. Non-limiting exannples are 3-nltro pynrole and 5-nitro indole. 



10 It is to be understood that alkyi, alkenyl and alkynyl groups may be branched or non-branched, 
cyclic or non-cyclic, and may further be interrupted by one or more heteroatoms, or may be 
unsubtituted or substituted by or may contain one or more functional groups. Non-limiting 
examples of such functional groups are acetyl groups, acyl groups, amino groups, carbamide 
groups, carbamoyl groups, carbamyl groups, carbonyl groups, carboxy groups, cyano groups, 

15 dithio groups, formyl groups, guanidino groups, halogens, hydrazino groups, hydrazo groups, 
hydroxamino groups, hydroxy groups, keto groups, mercapto groups, nitro groups, phospho 
groups, phosphono groups, phospho ester groups, sulfo groups, thiocyanato groups, cyclic, 
aromatic and heterocyclic groups. 



20 groups contain from 1 to 4 carbon atoms, C,.e groups contain from 1 to 6 carbon atoms, 

and Ci.15 groups contain from 1 to 15 carbon atoms, not including optional substituents. 
heteroatoms and/or functional groups. Non-limiting examples of such groups are -CH3. -CF3, 
-CHr. -CH2CH3, -CH,CHr, "CH(CH3)a. "OCH3, -OCHa^. -OCH2CH3, ^OCW^CWr. -OCH(CH3)2, 
-0C(0)CH3, -0C(0)CH2-. -C(0)H, -0(0)-, -C{0)CH3, -C(0)OH, -C(0)0- -CH^NH^. -CH^NH^, 

25 -CH2OCH3, -CH2OCH2-, -CH20C(0)0H, -CH20C(0)0-, .CH2C{0)CH3. -CHaCCOCHr. 

-C(0)NH2, -CH-CH2, -CH-CH-, -CH=CHCHaC(0)OH, -CH=CHCH2C(0)0-, -C^CH. -ChC- 
-CHaC^CH. -CH2C-C-, -CH2CHCCH3, -OCH^C^CH, -OCH2C-C-, .OCH2CHCCH3, 
-NHCH2C(0)- -NHCH2CH2C{0)-, -NH(CH2CH20)2CHaC{0)-. and H0(0)CCH2C{0)(NH. 
(CH2CH20)2CH2C(0))2-. phenyl, benzyl, naphthyl, oxazolyl, pyridinyl, thiadiazolyl, triazolyl, 

30 and thienyl. 



Within the present context, the expression "naturally occurring amino acid" is intended to 
comprise D- and L-forms of amino acids commonly found in nature, e.g. D- and L-forms of Ala 
(alanine), Arg (arginine), Asn (aspargine). Asp (aspartic acid). Cys (cysteine), Gin (glutamine), 
35 Glu (glutamic acid). His (histidine), lie (isoleucine), Leu (leucine). Lys (lysine), Met 
(methionine), Phe (phenylalanine), Pro (proline), Ser (serine), Thr (threonine), Trp 
(tryptophan), Tyr (tyrosine) and Val (valine). 
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In the present context, the expression "non-naturally occurring amino acid" is intended to 
comprise D- and L-forms of amino acids other than those commonly found in nature as well as 
modified naturally occurring amino acids. Examples of useful non-naturaily occurring amino 
acids are D- and L-forms of p-Ala (p-alanine) Cha (cyclohexylalanine). Cit (citrulline), Hci 
5 (homocitrulline), HomoCys (homocystein), Hse (homoserine), NIe (norleucine), Nva 
(norvaline), Orn (ornithine), Sar (sarcosine) and Thi (thienylalanine). 

In the present context, the temi "sample" is intended to cover all types of samples suitable for 
the purpose of the invention. Examples of such samples are sputum, laryngeal swabs, gastric 
10 lavage, bronchial washings, biopsies, aspirates, expectorates, body fluids (spinal, pleural, 

pericardial, synovial, blood, pus. bone marrow), urine, tissue sections as well as food samples, 
soil, air and water samples. Analysis of samples originating from the before-mentioned 
samples (e.g. cultures and treated samples) are also within the scope of the invention. 

15 In the present context, the term "hybrids" is intended to include complexes between a probe 
and a nucleic acid to be detennined. Such hybrids may be made up of two or more strands. 

The strength of the binding between the probe and the target nucleic acid sequence may be 
influenced by the ligand Q. When Q designates a nucleobase. Hoogsteen and/or Watson- 

20 Crick base pairing assist(s) in the formation of hybrids between a nucleic acid sequence to be 
detected and a probe. It is contemplated that one or more of the ligands may be a group which 
contribute little or none to the binding of the nucleic acid such as hydrogen. It is contemplated 
that suitable probes to be used comprise less than 25% by weight of peptide nucleic acid 
moieties, wherein Q designates such groups. One or more of the ligands Q may be groups 

25 that stabilise nucleobase stacking such as intercalators or nucleobase-binding groups. 

In the above-indicated probes, one or more of the Q-groups may designate a label. Examples 
of suitable labels are given below. Moieties wherein Q denotes a label may preferably be 
located in one or both of the terminating moieties of the probe. Moieties wherein Q denotes a 
30 label may, however, also be located internally. 

The peptide nucleic acid probes may comprise moieties, wherein all X groups are O 
(polyamides) or wherein all X groups are S (polythioamides). It is to be understood that the 
probes may also comprise mixed moieties (comprising both amide and thioamlde moieties). 



35 



In another aspect, the present invention relates to peptide nucleic acid probes of formula (II), 
(III) and (IV) as well as mixtures of such probes defined in claim 15. 
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m a preferred embodiment, the peptide nucleic acid probes or mixtures thereof according to 
the invention are of formulas (l)-(IV) as defined in claim 16 with Z being NH. NCH3 or O. each 
and independently being H or the side chain of a naturally occurring amino acid, the 
side chain of a non-naturaiiy occurring amino acid, or C,., alkyl. and each Q being a naturally 
occurring nucleobase or a non-naturally occurring nucleobase with the provisos defined in 
claims 6 to 14. 

Peptide nucleic acid probes or mixtures of such probes according to the invention are^ 
preferably those of formula (l)-(IV) as defined in claim 17 with Z being NH or O, and R^ being 
H orthe side chain of Ala. Asp. Cys. Glu. His. HomoCys, Lys. Om. SerorThr. and Q being a 
nucleobase selected from thymine, adenine, cytosine. guanine, uracil. iso-C. and 2.6- 
dlamlnopunne with the provisos defined in claims 6 to 14. 

Peptide nucleic acid probes or mixtures thereof, which are of major interest for detecting 
■ mycobacteria of the MTC group or one or more mycobacteria other than mycobacteria of the 
MTC group, are probes of formula (V) according to claim 18. wherein R^ Is H or the side chain 
of Ala. Asp. cys. Glu. His. HomoCys. Lys. Om. SerorThr. Q is as defined in claim 17 and 
with the provisos Indicated in claims 6 to 14. 

20 The peptide nucleic acid probe comprises polymerised moieties as defined above and in the 
claims. From the formula, it is to be understood that the probe may comprise polymerised 
moieties which structure may be mutually different or identical. In some cases, it may be 
advantageous that at least one moiety of the probe, preferably one (or both) of the moieties 
terminating the probe, are of a different structure. Such terminating moieties may suitably be a 

25 moiety of formula (VI) 

Q 

(VI) 



15 



30 




Where Q is as defined above. Such moiety may suitably be connected to a peptide nucleic 
acid moiety through an amide bond. 

The peptide nucleic acid probe according to the invention comprises from 6 to 30 polymerised 
35 moieties of formulas (!) to (V), and. in addition, optionally one or two terminating moieties of 
formula (VI) as defined above. The preferred length of the probe will depend on the sample 
material and whether labelled probes are used. It is contemplated that especially interesting 
probes comprise from 10 to 30 polymerised moieties of fomiulas (1) to (V). and. in addition, 
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optionally one or two terminating moieties of formula (VI) as defined above. Probes of the 
invention may suitably comprise from 12 to 25 polymerised moieties of formulas (I) to (V), 
more suitably from 14 to 22 polymerised moieties of formulas (I) to (V), most suitably from 15 
to 20 polymerised moieties of formulas (I) to (V), and, in addition, optionally one or two 
5 terminating moieties of formula (VI). 

As mentioned above, the polymerised moieties of the probes may be mutually different or 
identical. In some embodiments, the polymerised moieties of formulas (V) constitute at least 
75% by weight (calculated by excluding labels and linkers), preferably at least 80% by weight 
10 and most preferably at least 90% by weight of the probe. 

The ends on the moieties terminating the probe may be substituted by suitable substltuents 
which in the following will be named "linkers'. A terminating end may suitably be substituted by 
from 1 to 5 linkere, more suitably from 1 to 3 linkers. Such linkers may suitably be selected 

15 among C,.« alkyl. alkenyl and Ci.,s alkynyl groups as defined above. The linkers may be 
substituted or unsubstituted, branched or non-branched, or be interrupted by heteroatoms. or 
be substituted or contain functional groups as described above. This may depend on the 
chemical nature of the terminating moiety (i.e. whether the moiety is temiinated by a carbon, 
oxygen or nitrogen atom). A terminating end or a linker on a terminating end may further be 

20 substituted by one or more labels, which labels may be incorporated end to end, i.e. so as to 
forni a non-branched labelled end, or may be incorporated so as to form a branched labelled 
end ("zipper")! The linkere may be attached directly to a temiinating end, may be attached to a 
label or between labels on a terminating end. or be attached to a terminating end before a 
label is attached to a terminating end. It should be understood that two terminating ends may 

25 carry different or identical substituents. linkers and/or labels. It should further be underetood 
that the term "a label" is intended to comprise one or more labels as the temn "linkers" is to 
comprise one or more linkers. For certain applications, it may be advantageous that one or 
more linkers ate incorporated between the peptide nucleic acid moieties. Such applications 
may in particular be those based on triplex fomiation. 

30 

Examples of suitable linkers are -NH(CH2CH20)„CH2C(O)-. -r4H(CHOH)„C(0)-, 
.(0)C(eH20CH2)„C(0)- and -NH(CH2)„C(0)-. NH2(CH2CH20)„CH2C(0)-, NH2(CH0H)„C(0)-, 
HO(0)C(CH20CH2)„C(0)-, NH2(CH2)nC(0)-. .NH(CH2CH20)„CH2C(0)OH. 
-NH{CHOH)nC(0)OH^(0)C(CH20CH2)nC(0)OH and -NH(CH2)„C(O)0H. wherein n Is 0 or an 
35 integer from 1 to 8. preferably from 1 to 3, Examples of very interesting linkers are 
-NHCH2C(0)-. -NHCH2CH2C(0)-. -NH(CH2CH20)2CH2C(0)-, and 
HO(O)CCH2CH2C(O)(NH(CH2CH20)2CH2C(0))2-. 
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In the present context, the term "label" refers to a substituent which is useful for detection or 
visualisation. Suitable labels comprise fluorophores. biotin, dinltro benzoic acid, digoxigenin. 
radioisotope labels, peptide or enzyme labels, chemiluminiscence labels, fluorescent particles, 
hapten, antigen or antibody labels. 

5 

The expression "peptide label" Is intended to mean a label comprising from 1 to 20 naturally 
occurring or non-naturally occurring amino acids, preferably from 1 to 10 naturally occurring or 
non-naturally occurring amino acids, more preferably from 1 to 8 naturally occurring or non- 
naturally occurring amino acids, most preferably from 1 to 4 naturally occuning or non- 
10 naturally occumng amino acids, linked together end to end in a non-branched or branched 
("zipper") fashion. Such peptide label may be composed of amino acids which are mutually 
identical or different. In a prefenred embodiment, such a'non-branched or branched end 
comprises one or more, preferably from 1 to 8 labels, more preferably from 1 to 4, most 
preferably 1 or 2, further labels other than a peptide label. Such further labels may suitably 
15 terminate a non-branched end or a branched end. One or more linkers may suitably be 

attached to the terminating end before a peptide label and/or a further label is attached. Such 
linker units may also be attached between a peptide label and a further label. Furthermore, 
such peptide labels may be incorporated between the peptide nucleic acid moieties, 

20 The probe as such may also comprise one or more labels such as from 1 to 8, preferably from 
1 to 4, most preferably 1 or 2, labels and/or one or more linker units, which may be attached 
internally, i.e. to the backbone of the probe. The linker units and labels may mutually be 
attached as described above. 

25 Examples of particular interesting labels are biotin. fluorescein labels, e.g. 5-(and 6)-carboxy- 
fiuorescein, 6- or 6-carboxyfluorescein, 6-(fluorescein)-5-(and 6)-carboxamido hexanoic acid 
and fluorescein isothiocyanate, peptide labels consisting of from 1 to 20 naturally occurring 
amino acids or non-naturally occurring amino acids, enzyme labels such as peroxidases like 
horse radish peroxidase (HRP). alkaline phosphatase, and soya bean peroxidase, dinitro 

30 benzoic acid, rhodamine, tetramethyirhodamine, cyanine dyes such as Cy2, Cy3 and Cy5, 
coumarin, R-phycoerythrin (RPE), ailophycoerythrin, Texas Red, Princeton Red, and Oregon 
Green as well as conjugates of R-phycoerythrin and, e.g. Cy6 or Texas Red. 

Examples of preferred labels are biotin, fluorescent labels, peptide labels, enzyme labels and 
35 dinitro benzoic acid. Peptide labels may preferably be composed of from 1 to 10, more 

preferably of from 1 to 8. most preferably of from 1 to 4, naturally occurring or non-naturally 
occurring amino acids. It may be particularly advantageous to incorporate one or more other 
labels as well as a peptide label such as from 1 to 8 or from 1 to 4 other labels, preferably 1 or 
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2 other labels. 



Suitable peptide labels may preferably be composed of cysteine, glycine, lysine or ornithine. 

6 In a further embodiment, the Q substituent as defined above may be labelled. Suitable labels 
are as defined above. Between Q and such a label, a linker as defined above may be 
incorporated, it is preferred that such labelled iigands Q are selected from thymine and uracil 
labelled in the 5-position and 7-deazaguanine and 7-deazaadenine labelled in the 7-position. 

10 A mixture of peptide nucleic acid probes is also part of the present invention. Such mixture 

may comprise more than one probe capable of hybridising to 23S rRNA. and/or more than one 
probe capable of hybridising to 16S rRNA, and/or or more than one probe capable of 
hybridising to 58 rRNA. A mixture of probes may further comprise probe(s) directed to 
precursor rRNA and/or rDNA. The mixture may also comprise peptide nucleic acids for 

15 detecting more than one mycobacteria in the same assay . 

I n a preferred embodiment, the nucleobase sequence of the peptide nucleic acid probe is 
selected so as to be substantially complementary to the nucleobase sequence of the target 
sequence in question. In an especially preferred embodiment, the nucleobase sequence of the 
20 peptide nucleic acid probe is selected so as to be complementary to the nucleobase sequence 
of the target sequence in question. By "complementary" is meant that the nucleobases are 
selected so as to enable perfect match between the nucleobases of the probe and the 
nucleobases of the target, i.e. A to T or G to C. By substantially complementary is meant that 
the peptide nucleic acid probe is capable of hybridising to the target sequence, however, the 

25 probe does not necessarily have to be perfectly complementary to the target For example, 
probes comprising one or more bases not complementary to the target sequence and non- 
target sequences, especially base{s) located at the end of the probe, where the effect on the 
stability of probe-target nucleic acid hybrids is low. Another example is probes comprising 
other naturally occurring bases. Thus provided that the probe is capable of hybridising to the 

30 target sequence, the nucleobase difference(s) between target sequences and non-target 
sequences ensures that the stability of probe-non-target nucleic acid hybrids are lower than 
the stability of probe-target nucleic acid hybrids and therefore make such substantially 
complementary probes applicable for detection of mycobacteria. 

35 The probes may be synthesised according to the procedures described in "PNA information 
Package" obtained from Millipore Corporation (Bedford. MA. USA), or may be synthesised on 
an Expedite Nucleic Acid Synthesis System (PerSeptive BioSystems, USA). 
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If using the Fmoc strategy for elongation of the probe with linkers or amino acids, It is possible 
to retain side chain amino groups protected with acid sensitive protection groups such as the 
Boc or Mtt group. This method allows introduction of a linker containing several Boc protected 
amino groups which can all be cleaved and labelled In the same synthesis cycle. 

5 

One way of labelling a probe is to use a fluorescent label, such as 5-(and 6)-carboxyfluore- 
scein» 5- or 6-carboxyfluorescein, or 6-(fluorescein)-5-(and 6)'Carboxamido hexanoic acid. The 
acid group is activated with HATU {0-(7-azab6nzotriazol-1-yl)-1 , 1 ,3,3-tetramethyluronium 
hexafiuorophosphate) or HBTU (2-(1 H-benzotriazol-l-yO-l »1 ,3,3-tetramethyluronium 
10 hexafiuorophosphate) and reacted with the N-terminal amino group of the peptide nucleic acid. 
The same technique can be applied to other labelling groups containing an acid function. 
Alternatively, the succinimidyi ester of the above-mentioned labels may suitably be used or 
fluorescein Isothiocyanate may be used directly. 

15 After synthesis, probes can be cleaved from the resin using standard procedures as described 
by Mlllipore Corporation or PerSeptive BioSystems. The probes are subsequently purified and 
analysed using reversed-phase HPLC techniques at 50°C and were characterised by matrix- 
assisted laser desorption/ionisation time of flight mass spectrometry (MALDI-TOFMS), plasma 
desorption mass spectrometry (PDMS), electron spray mass spectrometry (ESMS), or fast 

20 atom bombardment (FAB-MS). 

Generally, probes such as probes comprising polymerised moieties of formula (IV) and (V) 
may also be prepared as described in, e.g., Angewandte Chemie, International Edition in 
English 35, 1939-1942 (1995) and Bioorganic & Medical Chemistry Letters, Vol 4, No 8, 1077- 
25 1080 (1994). Chemical properties of some probes are described in, e.g., Nature, 365, 566-568 
(1993), 

The method as claimed can be used for the detection of a target sequence of one or more 
mycobacteria optionally present in a sample. The method and the probes provide a valuable 
30 tool for analysing samples for the presence of such target sequences, hence providing 
information for establishing a diagnosis. 

In the assay method according to the invention, the sample to be analysed for the presence of 
mycobacteria is brought into contact with one or more probes or a mixture of such probes 
35 according to the invention under conditions by which hybridisation between the probe(s) and 
any sample rRNA or rDNA originating from mycobacteria can occur, and the formed hybrids, if 
any, are observed or measured, and the observation or measurement is related to the 
presence of a target sequence of one or more mycobacteria. The observation or 
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measurement may be accomplished visually or by means of instrumentation. 

Prior to contact with probe(s) according to the invention, the samples may undergo various 
types of sample processing which include purification, decontamination and/or concentration. 

5 The sample may suitably be decontaminated by treatment with sodium hypochlorite and 
subsequently centrifuged for concentration of the mycobacteria. Samples e.g. sputum 
samples may be treated with a mucolytic agent such as N-Acetyl-L-cystein which reduces the 
viscosity of the sample as well as be treated with sodium hydroxide which decontaminates the 
sample, and subsequently centrifuged. Other well-known decontamination and concentration 

10 procedures include the Zephiran-trisodium phosphate method, PetrofTs sodium hydroxide 
method, the oxalic acid method as well as the cetyipyridinium chloride-sodium chloride 
method. Samples may also be purified and concentrated by applying sample preparation 
methods such as filtration, immunocapture, two-phase separation either alone or in 
combination. The sample preparation methods may also be used together with the 

15 centrifugation and decontamination methods mentioned above. 

Samples may, either directly or after having undergone one or more processing steps, be 
analysed in primarily two major types of assays, in situ-based assays and in vitro-based 
assays. In this context, in situ-based assays are to be understood as assays, in which the 

20 target nucleic acids remain within the bacterial cell during the hybridisation process. Examples 
are in situ hybridisation (iSH) assays on smears and biopsies as well as hybridisation to whole 
cells which may be in suspension and which subsequently may be analysed by e.g. flow 
cytometry optionally after capture of the bacteria onto particles (with same or different type 
and size), or by image analysis after spreading of the bacteria onto a solid medium, filter 

25 membrane or another substantially planar suriace. 

In vitro-based assays are to be understood as assays, in which the target nucleic acids are 
released from the bacterial cell before hybridisation. Examples of such assays are microtiter 
plate-based assays. Many other assay types, in which the released target nucleic acids by 
30 some means are captured onto a solid phase and subsequently analysed via a detector 

probe, are feasible and within the scope of the present Invention. Even further, in vitro-based 
assays include assays, in which the target nucleic acids are not captured onto a solid phase, 
but in which the hybridisation and signal generation take place entirely in solution. 

35 Samples for in situ-based assays may suitably be applied and optionally be immobilised to a 
support. Techniques for applying of a sample onto a solid support depend on the type of 
sample in question and include smearing and cytocentrifugation for liquid or liquified samples 
and sectioning of tissues for biopsy materials. The solid support: may take a wide variety of 
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forms well-known in the art, such as a microscope slide, a filter membrane, a polymer 
membrane or a plate of various materials. 

In the case of in vitro-based assays, the target nucleic acid may be released from the 
mycobacterial cells in various ways. Most methods for releasing the nucleic acids cause 
bursting of the cell wall (lysis) followed by extraction of the nucleic acids into a buffered 
solution. As mycobacteria have complex cell walls containing covalently associated 
peptidoglycans, arabinogalactans and in particular mycolic acids, they cannot easily be 
disrupted by standard methods used for the rapid lysis of other bacteria. Possible methods 
which are known to give successful lysis of the mycobacterial cell wall include methods which 
involve treatment with organic solvents, treatment with strong chaotropic reagents such as 
high concentrations of guanidine thiocyanate, enzyme treatment, bead beating, heat 
treatment, sonication and/or application of a French press. 

Samples to be analysed by in situ assays may be fixed prior to hybridisation. The person . 
skilled in the art will readily recognise that the appropriate procedure will depend on the type of 
sample to be examined. Fixation and/or immobilisation should preferably preserve the 
morphological integrity of the cellular matrix and of the nucleic acids. Examples of methods for 
fixation are flame fixation, heat fixation, chemical fixation and freezing. Flame fixation may be 
accomplished by passing the slide through the blue cone of a Bunsen burner 3 or 4 times; 
heat fixation may be accomplished by heating the sample to 80°C for 2 hours; chemical 
fixation may be accomplished by immersion of the sample in a fixative (e.g. formamide, 
methanol or ethanol). Freezing is particularly relevant for biopsies and tissue sections and is 
usually carried out in liquid nitrogen. 

in one in situ hybridisation assay embodiment, the sample to be analysed is smeared onto a 
substantially planar solid support which may be a microscope slide, a filter membrane, a 
polymer membrane or another type of solid support with a planar surface. The preferred solid 
support is a microscope slide. After the smear has been prepared, it may optionally undergo 
further pre-treatment like treatment with bactericidal agents or additional fixation by immersion 
in e.g. ethanol. The sample may also be pre-treated with enzyme(s) which as primary function 
permeabilise the cells and/or reduce the viscosity of the sample. It may further be 
advantageous to perform a pre-hybridisation step in order to block sites which might otherwise 
give raise to non-specific binding. For this purpose, blocking agents like skim milk, and non- 
target probes may suitably be used. The components of the pre-hybridisation mixture should 
be selected so as to obtain an effective saturation of sites in the sample that might otherwise 
bind the probe non-specifically. The pre-hybridisation buffer may suitably comprise an 
appropriate buffer, blocking agent(s), and detergents. 
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During the in situ hybridisation, one or more probes according to the present Invention are 
brought into contact with any target rRNA or rDNA inside the cells in a hybridisation solution 
under suitable stringency conditions. The concentration of the applied probe may vary 

5 depending on the chemical nature of the probe and the conditions under which hybridisation is 
carried out. Typically, a probe concentration between 1 nM and 1 pM is suitable. The 
hybridisation solution may comprise a denaturing agent which allows hybridisation to take 
place at a lower temperature than would be the case without the agent. The denaturing agent 
should be present in an amount effective to increase the ratio between specific binding and 

10 non-specific binding. The effective amount of denaturing agent depends on the type used and 
on the probe or combination of probes. Examples of denaturing agents are formamide, 
ethylene glycol and glycerol, and these may preferably be used in a concentration above 10% 
and less than 70%. The preferred denaturing agent is formamide which is used more 
preferably in concentrations from 20% to 60%, most preferably from 30% to 50%. It should be 

15 noted that in several instances it may not be necessary or advantageous to include a 
denaturing agent 

Prior to hybridisation or during hybridisation, a mixture of random probes (probes with random, 
non-selected sequences of optionally different length) may be added in excess to reduce non- 
20 specific binding. Also, one or more non-sense probes (probes with a defined nucleobase 

sequence and length differing from the nucleobase sequence of the target sequence) may be 
added In excess in order to reduce non-specific binding. Also, non-specific binding of 
detectable probes to one or more non-target nucleic acid sequences can be suppressed by 
addition of one or more unlabelled or independently detectable probes, which probes have a 
25 sequence that is complementary to the non-target sequence(s). It is particularly advantageous 
to add such blocking probes when the non-target sequence differs from the target sequence 
by only one mismatch. 

It may be advantageous to include Inert polymers which are believed to increase the effective 
30 concentration of the probe(s) In the hybridisation solution. One such macromolecule is dextran 
sulphate which may be used in concentrations of from 2.5% to 15%. The preferred 
concentration range Is from 8% to 12% in the case of dextran sulphate. Other useful 
macromolecuies are polyvinylpyrrolidone and ficoll, which typically are used at lower 
concentrations, e.g. 0.2%. It may further be advantageous to add one or more detergents 
35 which may reduce the degree of non-specific binding of the peptide nucleic acid probes. 
Examples of useful detergents are sodium dodecyl sulphate, Tween 20® or Triton X^-IOO®. 
Detergents are usually used in concentrations between 0.05% and 1.0%, preferably between 
0.05% and 0,25%, The hybridisation solution may furthermore contain salt Although it is not 
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necessary to include salt in order to obtain proper hybridisation, it may be advantageous to 
include salt in concentrations from 2 to 500 mM, or suitably from 5 to 100 mM. 

During hybridisation, other important parameters are hybridisation temperature, concentration 
of the probe and hybridisation time. The person skilled in the art will readily recognise that 
optimal conditions must be determined for each of the above-mentioned parameters according 
to the specific situation, e.g. choice of probe(s) and type and concentration of the components 
of the hybridisation buffer, in particular the concentration of denaturing agent Presence of 
volume excluders may also have an effect 

Following hybridisation, the sample is washed to remove any unbound and any non- 
specifically bound probe, and consequently, appropriate stringency'conditions should be used. 
By stringency is meant the degree to which the reaction conditions favour the dissociation of 
the formed hybrids. The stringency may be increased typically by increasing the washing 
temperature and/or washing time. Typically, washing times from 5 to 40 minutes may be 
sufficient. Two or more washing periods of shorter time may also give good results. A range of 
buffers may be used, including biological buffers, phosphate buffers and standard citrate 
buffers. The demand for low salt concentration in the buffers is not as pertinent as for DNA 
probe assays due to the difference response to salt concentration. In some cases, it is 
advantageous to increase the pH of the washing buffer as it may give an Increased signal-to 
noise ratio {see WO 97/18325). This is conceivably due to a significant reduction of the non- 
specific binding. Thus, it may be advantageous to use a washing solution with a pH value form 
8 to 1 0.6, preferably from 9 to 1 0. 

Visualisation of bound probe{s) must be carried out with due regard to the type of label 
chosen. There are a wide range of useful probe labels, in particular various fluorescent labels 
such as fluorescein, rhodamine and derivatives thereof. Furthermore, labels like enzymes 
(e.g. peroxidases and phosphatases) and haptens (e.g. biotin, digoxigenin, dinitro benzoic 
acid) may suitably be applied. In the case of fluorescent labels, the hybrids formed may be 
visualised using a microscope with a magnification of at least x 250, preferably x 1000. The 
visualisation may further be carried out using a CCD (charge coupled device) camera 
optionally controlled by a computer. When haptens are used as labels, the hybrids may be 
detected using an antibody conjugated with an enzyme. In these cases, the detection step 
may be based on colorimetry, fluorescence or luminescence. 

The probes may alternatively be labelled with fluorescent particles having the fluorescent label 
embedded in the particles (e.g. Estapor K coloured microspheres), located on the surface of 
the particles and/or coupled to the surfaces of the particles. As the particles have to come into 
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contact with the target nucleic acids within the cells, the use of fluorescent particles may 
necessitate pretreatment of the bacteria. Relatively small particles e,g. about 20 nnn may 
suitable be used. 

In another In situ hybridisation embodiment, frozen tissue or biopsy samples are cut into thin 
sections and transferred to a substantially planar surface, preferably microscope slides. Prior 
to hybridisation, the tissue or biopsy may be treated with a fixative, preferably a precipitating 
fixative such as acetone, or the sample is incubated in a solution of buffered formaldehyde. 
Alternatively, the biopsy or tissue section can be transferred to a fixative such as buffered 
formaldehyde for 12 to 24 hours and following fixation, the tissue may be embedded in paraffin 
forming a block from which thin sections can be cut Prior to hybridisation, the tissue section is 
dewaxed and rehydrated using standard procedures. Pernieabilisation (e.g, treatment with ~ 
proteases, diluted acids, detergents, alcohol and/or heat) may in some cases be 
advantageous. The selected method for permeabilisation depends on several factors, for 
instance on the fixative used, the extent of fixation, the type and size of sample, and on the 
applied probe. For these types of samples, sample processing, prehybridisation, hybridisation, 
washing and visualisation may be carried out using same or adjusted conditions as described 
above. 

In a lurther embodiment of the in situ assays, the bacterial cells are kept in suspension during 
fixation, prehybridisation, hybridisation and washing are carried out under the same or similar 
conditions as described above. The preferred type of label for this embodiment is fluorescent 
labels. This allows detection of hybridised cells by flow cytometry, recording the intensity of 
fluorescence per cell. Bacterial cells in suspension may further be coupled to particles, 
preferably with a size of from 20 nm to 10 pm. The particles may be made of materials well- 
known in the art like latex, dextran, cellulose and/or agarose, and may optionally be 
paramagnetic or contain a fluorescent label. Normally, bacterial cells are coupled to particles 
using antibodies against the target bacteria, but other means like molecular imprinting may 
also be used. Coupling of the bacterial cells to particles may be advantageous in sample 
handling and/or during detection. 

In the embodiments of in situ hybridisation described above, the probes according to the 
invention are used for detecting a target sequence of one or more mycobacteria. In a 
preferred embodiment, the probes are suitable for detecting a target sequence of 
mycobacteria of the Mycobacterium tuberculosis Complex (MTC), mycobacteria other than the 
Mycobacterium tuberculosis Complex (MOTT), or mycobacteria of the Mycobacterium avium 
Complex (MAC). The probes are further suitable for detecting simultaneously different target 
sequences originating from the same mycobacteria. 
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Samples to be analysed using in vitro-based assays need to undergo a treatment by which the 
nucleic acids are released from the bacterial cells. Nucleic acids may be released using 
organic solvents, strong chaotropic reagents such as high concentrations of guanidlne 
5 thiocyanate, enzymes, bead beating, heating, sonication and/or application of a French press. 
The obtained nucleic acids may undergo additional purification prior to hybridisation. 

in one in vitro hybridisation embodiment, the sample comprising the target nucleic acid is 
added to a container comprising immobilised capture prob6(s) and one or more probe(s) 

10 labelled to function as detector probe(s). The hybridisation should be performed under suitable 
stringency conditions. The hybridisation solution may further comprise a denaturing agent, 
blocking probes, inert polymers, detergents and salt as^described for the in situ-type assays. 
Likewise, the hybridisation temperature, probe concentration and hybridisation time are 
important parameters that need to be controlled according to the specific conditions of the 

15 assay, e.g. choice of peptide nucleic acid probe(s) and concentration of some of the 

ingredients of the hybridisation buffer If hybridisation of the target nucleic acid to the capture 
probe(s) and detector probe(s), respectively, is performed in two separate steps, different 
parameters, in particular different stringency conditions, may be used in these steps. The 
concentration of the capture probe may be higher for in situ assays as hybridisation may be 

20 controlled better and washing can be performed more efficiently. 

The capture probes may be immobilised onto a solid support by any means, e.g, by a coupling 
reaction between a carboxylic acid on a linker and an amino derivatised support. The capture 
probe may further be coupled onto the solid support by photochemical activation of 
25 photoreactive groups which have been attached absorptively to the solid support prior to 
photochemical activation. Such photoreactive groups are described in the US 6 316 784 A. 
The capture probes may further be coupled to a hapten which allows an affinity based 
immobilisation to the solid support. One such example is coupling of a biotin to the probe{s) 
and immobilisation via binding to a steptavidin-coated surface. 

30 

The solid support may take a wide variety of forms well-known in the art, such as a microtiter 
plate having one or more wells, a filter membrane, a polymer membrane, a tube, a dip stick, a 
strip and particles. Filter membranes may be made of cellulose, celluloseacetate, 
polyvinylidene fluoride or any other materials welkknown in the art. The polymer membranes 
35 may be of polystyrene, nylon, polypropylene or any other materials well known in the art. 
Particles may be paramagnetic beads, beads made of polystyrene, polypropylene, 
polyethylene, dextran, nylon, amy loses, celluloses, polyacrylamides and agarose. When the 
solid support has the form of a filter, a membrane, a strip or beads, it (they) may be 
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incorporated into a single-use device. 

The selection of the label of the detector probe(s) depend on the specific assay format and 
possible instrumentation. When blotin labelled probes are used, the hybrids may be detected 
5 using streptavidin or an antibody against the biotin label which antibody or streptavidln may be 
conjugated with an enzyme and the actual detection depend on the choice of the specific 
enzyme, preferably a phosphatase or a peroxidase, and the substrate for the selected 
enzyme. The signal may in some cases be enhanced using commercially available 
amplification systems such as the catalysed signal amplification system for blotinylates probes 

10 (CSA by DAKO). Various polymer-based enhancement systems may also be used. An 
example is a dextran polymer to which both a hapten specific antibody and an enzyme is 
coupled. The detector probe(s) may further be labelled with other haptens, e.g. digoxigenin, 
dinltro benzoic acid and fluorescein, in which case the hybrids may be detected using an 
antibody against the hapten which antibody may be conjugated with an enzyme. It is even 

16 possible to apply detector probe(s) which have enzymes coupled directly onto the probes. 
There are a wide range of possibilities for selection of enzyme substrates allowing for 
colourimetric (substrates e.g. p-nitro-pheny! phosphate ortetra-methyl-benzidine), fluorogenic 
(substrates e.g. 4-methylumbilliferylphosphate) or chemiluminescent (substrates e.g. 1,2- 
dioxetanes) detection. 

20 

The detector probes may further be labelled with various fluorescent labels, preferably 
fluorescein or rhodamine, in which case the hybrids may be detected by measuring the 
fluorescence. 

25 The detector probe(s) will typically be different from the capture probe(s), thus ensuring dual 
species specificity. The dual specificity will most often allow at least one of the probes to be 
shorter, e.g. a 10 mer probe. 

Furthermore, the capture of purine rich sequences may be improved by utilising bis-peptide 
30 nucleic acids as capture probes. Such bis-peptide nucleic acids are described in WO 

96/02558. The bis-peptide nucleic acids comprise a first peptide nucleic acid strand capable of 
hybridising in parallel fashion to the target nucleic acid, and a second peptide nucleic acid 
strand capable of hybridising in antiparallel fashion to the purine rich sequence of the nucleic 
acid to be captured. The two peptide nucleic acid strands are connected by a linker and are in 
35 this way capable of forming a triplex structure with said purine rich sequence nucleic acid. The 
number of polymerised moieties of each linker-separated peptide nucleic acid may be as 
previously defined for non-bis-peptide nucleic acids. However, due to the high stability of the 
triplexes formed, bis-peptide nucleic acids with shori: first and second strands can be used 
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making the design of a pyrlmidine rich probe easier 

Instead of using a detector probe, capture probe: nucleic acid complexes may be detected 
using a detection system based on an antibody reacting specifically with complexes formed 
5 between peptide nucleic acids and nucleic acids (such as described in WO 95/17430), in 

which detection system the primary antibody may comprise a label, or which detection system 
comprises a labelled secondary antibody, which specifically binds to the primary antibody. The 
specific detection again depends on the selected substrate which may be of any type of those 
mentioned above. 

10 

Depending on the type of specific assay format, label and detection principle various types of 
instrumentation may be used inclQding conventional microplate readers, luminometers and 
flow cytometers. Adaptation of adequate instrumentation may allow for automatisation of the 
assay. 

15 

In an example of this embodiment, a capture probe of the present invention is coupled to a 
microtiter plate by a photochemical reaction between antraquinon-labelled capture probe and 
polystyrene of the microwell. Target rRNA is added to the microwells and incubated under 
stringent conditions. Unbound rRNA is removed by washing and the microwell are incubated 
20 with a hapten-labelled detector probe under stringent conditions. The visualisation is carried 
out using an enzyme-labelled antibody against the hapten, which after removal of unbound 
antibody is detected using a chemiluminescence substrate. 

In another example of this embodiment capture probes are coupled to latex particles, and 
25 hybridisation is carried out under suitable conditions in the presence of e.g. fluorescein 

labelled detector probe(s). After hybridisation and optionally washing, the hybrids are detected 
by flow cytometry. A range of different beads (e.g. by size or colours) may carry different 
capture probes for different targets, thus allowing a multiple detection system. 

30 In a further embodiment of the In vitro assays format, the capture probe, the target nucleic 
acid and the detector probe may hybridise in solution, and subsequently the capture probe is 
attached to a solid phase. The solid phase, the hybridisation conditions and means of 
'detection may be selected according to the specific method as described above. 

35 In a further embodiment of in vitro assays, the target nucleic acid may be immobilised onto 
filter or polymer membranes or other types of solid phases well-known in the art. The 
hybridisation conditions and means of detection may be selected according to the specific set- 
up as described above. 
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!n a further embodiment of the in vitro assay, an array of up to 100 or even more different 
probes directed against different target sequences may be immobilised onto a solid surface 
and hybridisation of the target sequences to all the probes is candied out simultaneously. The 
5 solid phase, the hybridisation conditions and means of detection may be as described above. 
This allow for simultaneous detection or identification of a range of parameters, i.e. species 
Identification and resistance patterns. 



The present probes further provide a method of diagnosing infection by mycobacteria and a 
10 method for determining the stage of the Infection and the appropriate treatment by which 
methods one or more optionally labelled probes according to the invention are brought into 
^ contact with a patient sample and. the type of treatment and/or the effect of a treatment is (are) 
evaluated. 



1 5 Kits comprising at least one peptide nucleic acid probe as defined herein are also part of the 
present invention. Such kit may further comprise a detection system with at least one 
detecting reagent and/or a solid phase capture system. 



DESCRIPTION OF SPECIFIC EMBODIMENTS 

20 

Examples of suitable Qs of adjacent moieties are given below. Peptide nucleic acid probes 
comprising such Qs will be suitable for detecting mycobacteria, in particular mycobacteria of 
the MTC group or mycobacteria other than mycobacteria of the MTC group. The probes are 
written from left to right corresponding to from the N-terminal end towards the C-terminal end, 

25 Suitable Q subsequences for detecting 23S and 16S rRNA as well as 6S rRNA of the MTC 
group are given below. Suitable Q subsequences for detecting 23S and 16S rRNA of 
mycobacteria other than mycobacteria of the MTC group are further given below. The Q 
subsequences include at least one nucleobase complementary to a nucleobase selected from 
the positions given In parenthesis. The Q subsequences are given as non-limiting examples of 

30 construction of suitable probe nucleobase sequences. It is to be understood that the probes 
may comprise fewer or more peptide nucleic acid moieties than indicated. 



MTC group (23S) 

AGATGC GGG TAG CAC (selected from positions 149-168 in Figure 1A), (Seq ID no 1) 

35 TOT TTT CTC CTC OTA (selected from positions 220-221 in Figure 1A), (Seq ID no 2) 
ACT GCG TCT GAG COG (selected from positions 328-361 in 

Figure 1 A and Figure 1B), (Seq ID no 3) 

TGA TAG TAG GCA GGT (selected from positions 453-455 in Figure 1 B), (Seq ID no 4) 

CGG ATT CAC AGO GGA (selected from positions 490-501 in Figure 1 B). (Seq ID no 5) 
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TCA CCA GCC TCC TCC (selected from positions 637-660 in Figure 1C), 
CCA CCC TCC TCC (selected from positions 637-660 in Figure 1C) 
TTA ACC TTG CGA CAT (selected from positions 706-712 in Figure 1D). 
ACT ATT CAC AGG CGC (selected from positions 762-789 in Figure ID). 
6 CTC CGC GGT GAA CCA (selected from position 989 In Figure 1 D)» 

GCT TTA CAC CAC GGC (selected from positions 1068-1072 in Figure 1E), 
ACG CTT GGG GGC CTT (selected from position 1148 in Figure 1E), 
CCA CAC CCA CCA CAA (selected from positions 1311-1329 In Figure 1E), 
CCG GTG GCT TCG CTG (selected from positions 1361-1364 in Figure IF), 

10 ACT TGC CTT GTC GCT (selected from position 1418 in Figure IF). 

GAT TCG TCA CGG GCG (selected from positions 1563-1670 in Figure IF), 
AAC TCC ACA CCC CCG (selected from positions 1627-1638 in Figure 1G), 
ACT CCA CAC CCC CGA (selected from positions 1627-1638 In Figure 1G), 
ACC CCT TCG CTT GAC (selected from positions 1675-1677 In Figure 1G), 

15 CTT GCC CCA GTG TTA (selected from position 1718 in Figure 1G). 

CTC TCC CTA CCG GCT (selected from positions 1734-1740 in Figure 1H), 
GAT ATT CCG GTC CCC (selected from positions 1967-1976 in Figure 1 H), 
ACT CCG CCC CAA CTG (selected from positions 2403-2420 in Figure 1H). 
CTG TCC CTA AAC CCG (selected from positions 2457-2488 in Figure II), 

20 TTC GAG GTT AGA TGC (selected from positions 2457-2488 in Figure 11), 
GTC CCT AAA CCC GAT (selected from positions 2457-2488 in Figure II), 
GGT GCA CCA GAG GTT (selected from positions 2952-2956 in Figure 1 1), 
GTG GCG GGA CAA CTG (selected from positions 2966-2969 in Figure 1J), 
TTA TCC TGA CCG AAC (selected from positions 3000-3003 in Figure 1J), 

25 GAC CTA TTG AAC CCG (selected firom positions 3097-3106 in Figure 1J), 



(Seq ID no 6; 
(modified Seq ID no 6 
(Seq ID no 7 
(Seq ID no 8 
(Seq ID no 9 
(Seq ID no 10 
(Seq ID no 11 
(Seq ID no 12 
(Seq ID no 13; 
(Seq ID no 14 
(Seq ID no 16 
(Seq ID no 16] 
(Seq ID no-17 
(Seq ID no 18 
(Seq ID no 19; 
(Seq ID no 20 
(Seq ID no 21 
(Seq ID no 22; 
(Seq ID no 23 
(Seq ID no 24 
(Seq ID no 25 
(Seq ID no 26 
(Seq ID no 27; 
(Seq ID no 28 
(Seq ID no 29; 



MTC group (16S) 

GAA GAG ACC TTT CCG (selected from positions 76-79 in Figure 2A). (Seq ID no 30) 

CAC TCG AGT ATC TCC (selected from positions 98-101 in Figure 2A). (Seq ID no 31) 

30 ATC ACC CAC GTG TTA (selected from positions 136-136 in Figure 2A), (Seq ID no 32) 

GCA TCC CGT GGT CCT (selected from positions 194-201 in Figure 2B), (Seq ID no 33) 

CAC AAG ACA TGC ATC (selected from positions 1 94-201 in Figure 2B), (Seq ID no 34) 

TAA AGC GCT TTC CAC (selected from positions 222-229 in Figure 2B), (Seq I D no 35) 

GCT CAT CCC ACA CCG (selected from position 242 in Figure 28). (Seq ID no 36) 

35 CCG AGA GAA CCC GGA (selected from position 474 in Figure 2C), (Seq ID no 37) 

AGT CCC CAC CAT TAG (selected from positions 1 1 36-1 145 in Figure 2C), (Seq ID no 38) 

AAC CTC GCG GCA TCG (selected from positions 1 2711 272 in Figure 2C), (Seq I D no 39) 

GGC TTT TAA GGA TTC (selected from positions 1287-1 292 in Figure 2D), (Seq ID no 40) 

GAC CCC GAT CCG AAC (selected from position 1313 in Figure 2D), (Seq ID no 41) 

40 CCG ACT TCA CGG GGT (selected from position 1334 in Figure 2D), (Seq ID no 42) 



MTC group (53) 
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CGG AGG GGC AGT ATC (selected from positions 66-90 in Figure 3), (Seq ID no 43) 
Mycobacteria other than those of the MTC group (23S) 

GAT CAA TGC TCG GTT (selected from positions 99-101 in Figure 4A), (Seq ID no 44) 

5 TTC CCC GCG TTA CCT (selected from position 183 in Figure 4A), (Seq ID no 45) 

TTA GCC TGT TCC GGT (selected from positions 261-271 in Figure 4A), (Seq ID no 46) 

GCA TGC GGT TTA GCC (selected from positions 281-284 in Figure 4B), (Seq ID no 47) 

TAC CCG GTT GTC CAT (selected from positions 290-293 in Figure 4B), (Seq ID no 48) 
GTA GAG CTG AGA CAT (selected from positions 327-335 and 

10 343-357 in Figure 4B), (Seq ID no 49) 
GCC GTC CCA GGC CAC (selected from positions 400-405 in 

Figure 4B and Figure 4C), (Seq ID no 50) 

CTC GGG TGT TGA TAT (selected from positions 453-462 in Figure 4C), (Seq IP no 51 ) 

ACT ATT TCA CTC CCT (selected from positions 587-599 in Figure 4C). (Seq ID no 52) 

16 ACG CCA TCA CCC CAC (selected from positions 637-660 in Figure 4D), (Seq ID no 53) 

CGA CGT GTC CCT GAC (selected from positions 704-712 in Figure 4D). (Seq ID no 54) 

ACT ACA CCC CAA AGG (selected from positions 763-789 in Figure 4E), (Seq ID no 55) 

CAC GCT TTT ACA CCA (selected from positions 1060-1074 in Figure 4E), (Seq ID no 66) 

GCG ACT ACA CAT CCT (selected from positions 1 1 77-1 1 85 In Figure 4E), (Seq ID no 57) 

20 CGG CGC ATA ATC ACT (selected from positions 1259-1265 in Figure 4E), (Seq ID no 58) 

CCA CAT CCA CCG TAA (selected from positions 131 1-1327 in Figure 4F), (Seq ID no 69) 

CGC TGA ATG GGG GAC (selected from positions 1345-1348 in Figure 4F), (Seq ID no 60) 

GGA GCTTCG CTG AAT (selected from positions 1361-1364 in Figure 4G), (Seq !D no 61) 

CGG TCA CCC GGA GCT (selected from positions 1361-1364 in Figure 4G), (Seq ID no 62) 

25 GGA CGC CCA TAC ACG (selected from positions 1556-1670 in Figure 4G), (Seq ID no 63) 

GAA GGG GAA TGG TCG (selected from positions 1608-1613 in Figure 4H), (Seq ID no 64) 

AAT CGC CAC GCC CCC (selected from positions 1626-1638 in Figure 4H), (Seq ID no 66) 

CAG CGA AGG TCC CAC (selected from positions 1651-1659 in Figure 4H), (Seq ID no 66) 

GTC ACC CCA TTG CTT (selected from positions 1675-1677 in Figure 4H), (Seq ID no 67) 

30 ATC GCT CTC TAC GGG (selected from positions 1734-1741 in Figure 4H), (Seq ID no 68) 
GTG TAT GTG CTC GCT (selected from positions 1847-1853 in Figure 41), (Seq ID no 69) 

ACG GTA TTC CGG GCC (selected from positions 1967-1976 in Figure 41), (Seq ID no 70) 

GGC CGA ATC CCG CTC (selected from positions 2006-2010 in Figure 41), (Seq ID no 71 ) 

AAA CAG TCG CTA CCC (selected from positions 2025-2027 in Figure 41), (Seq ID no 72) 

35 CCT TAC GGG TTA ACG (selected from positions 2131-2132 in Figure 4J), (Seq ID no 73) 

GAG ACA GTT GGG AAG (selected from positions 2252-2255 in Figure 4J), (Seq ID no 74) 

TGG CGT CTG TGC TTC (selected from positions 2396-2405 in 

Figure 4J and Figure 4K), (Seq ID no 75) 

CGA CTC CAC ACA AAC (selected from positions 2416-2420 In Figure 4K). (Seq ID no 76) 

40 GAT AAG GGT TCG ACG (selected from positions 2474-2478 in Figure 4K). (Seq ID no 77) 

ATC CGT TGA GTG ACA (selected from position 2687 in Figure 4K), (Seq ID no 78) 

CAG CGC GTT ATC CCC (selected from position 2719 in Figure 4K), (Seq ID no 79) 
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AAC CTT TGG GAG CTG (selected from position 2809 in Figure 4L). (Seq ID no 80) 

TAA AAG GGT GAG AAA (selected from positions 3062-3068 in Figure 4L), (Seq ID no 81) 

GTC TGG COT ATC AAT (selected from positions 3097-31 06 in FigurB 4L), (Seq ID no 82) 

5 Mycobacteria other than those of the MTC group ( 1 6S) 

AGA TIG CCG ACG TGT (selected from positions 135-136 in Figure 5A), (Seq ID no 83) 

AAT CCG AGA AAA CCC (selected from positions 472-475 in Figure 5A). (Seq ID no 84) 

GCA TTA CCC GCT GGC (selected from positions 1136-1 144 in Figure 6A), (Seq ID no 85) 

TTA AAA GGA TTC GCT (selected from positions 1287-1292 in Figure 5B). (Seq ID no 86) 

1 0 AGA CCC CAA TCC GAA (selected from position 1 31 3 in Figure 5B), (Seq ID no 87) 

GAC TCC GAC TTC ATG (selected from position 1334 in Figure 6B), (Seq ID no 88) 

Drag reSstanae 

23B-mediated macrolide resistance (M. avium) 

1 6 GTC TTT TCG TCC TGC (wild-type) (selected from positions 2568-2569 

in Figure 6), (Seq ID no 89) 

GTC TTA TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 90) 

GTC TTC TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 91) 

GTC TTG TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 92) 

20 GTC TAT TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 93) 

GTC TCT TCG TCC TGC (selected from positions 2568 In Figure 6), (Seq ID no 94) 

GTC TGT TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 95) 

16S-mediated streptomycin resistance (M, tuberculosis) 

26 TTG GCC GGT GCT TCT (wild-type) (selected from positions 452 in Figure 7). (Seq ID no 96) 

TTG GCC GGT ACT TCT (selected from positions 452 in Figure 7), (Seq ID no 97) 

TTG GCC GGT CCT TCT (selected from positions 452 in Figure 7) . (Seq I D no 98) 

TTG GCC GGT TCT TCT (selected from positions 452 in Figure 7). (Seq ID no 99) 
ACC GCG GCT GCT GGC (wild-type) (selected from positions 473-477 

30 in Figure 7), (Seq ID no 100) 

ACC GCG GCT ACT GGC (selected from positions 473 in Figure 7), (Seq ID no 101) 

ACC GCG GCT CCT GGC (selected from positions 473 in Figure 7). or (Seq ID no 102) 

ACC GCG GCT TCT GGC (selected from positions 473 in Figure 7), (Seq ID no 103) 

CGG CAG CTG GCA CGT (selected from positions 474 in Figure 7), (Seq ID no 104) 

35 CGG CCG CTG GCA CGT (selected from positions 474 in Figure 7), (Seq ID no 106) 

CGG CTG CTG GCA CGT (selected from positions 474 in Figure 7), (SeqJD no 106) 

CGT ATT ACC GCA GCT (selected from positions 477 in Figure 7). (Seq ID no 107) 

CGT ATT ACC GCC GCT (selected from positions 477 in Figure 7), (Seq ID no 108) 

CGT ATT ACC GCT GCT (selected from positions 477 in Figure 7). (Seq ID no 109) 

40 TTC CTT TGA GTT TTA (wild-type) (selected from positions 865-866 in Figure 7). (Seq ID no 1 1 0) 

TTC CTT TAA GTT TTA (selected from positions 865 in Figure 7), (Seq ID no 111 ) 

TTC CTT TCA GTT TTA (selected from positions 865 in Figure 7), (Seq ID no 1 12) 
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TTC CTT TTA GTT TTA (selected from positions 866 in Figure 7), 
TTC CTT AGA GTT TTA (selected from positions 866 in Figure 7), 
TTC CTT CGA GTT TTA (selected from positions 866 in Figure 7), 
TTC CTT GGA GTT TTA (selected from positions 866 in Figure 7), 



(Seq ID no 113) 
(Seq ID no 114) 
(Seq ID no 115) 
(Seq ID no 116) 



5 



Other examples of suitable Q subsequences are given below. 



CAT GTG TCC TGT GGT and 
CGT CAG CCC GAG AAA 



(Seq ID no 117) 
(Seq ID no 118) 



10 selected so as to be complementary to M. gordonae 16S rRNA (positions 174-188 and 452- 
466, respectively, of GenBank entry GBiMSGRRIBSI, accession no. M29563). These 
positions coaespond to positions 192-206 and 473-487, respectively, of the alignments shown 
in Figure 2 and 5. Probes having this or a similar nucleobase sequence are suitable for 
detecting M. gordonae. 



selected so as to be complementary to positions 781-795 and 2369-2383, respectively, of M. 
kansasii 23S rRNA (GenBank entry MK23SRRNA accession number Z17212), These 
20 positions correspond to positions 774-794 and 2398-2412, respectively, of the alignments 

shown in Figure 1 and 4. Probes having this or a similar nucleobase sequence are suitable for 
detecting M. kansasii. 

Precursor rRNA 

25 AAC ACT CCC TTT GGA (Seq ID no 123) 

A peptide nucleic acid probe having the above-indicated nucleobase sequence is directed to 
M. tuberculosis precursor rRNA. The probe is complementary to positions 602 to 616 of 
GenBank accession number X58890, 

30 

Especially, probes based on those nucleobase sequences with sequence identification 
numbers Seq ID no 62. 79 and 80 (and other probes selected from positions 1361-1364 in 
Figure 1F, 2719 in Figure 4K and 2809 in Figure 4L) are suitable for detecting M. avium. 
Probes based on the nucleobase sequence with sequence identification number Seq ID no 55 
35 (and other probes selected from positions 763-789 in Figure 4E) are suitable for detecting M. 
avium, M. intracellulare and M. scrofulaceum as a group (the organisms termed the MAIS 
group of mycobacteria). In addition, probes based on the nucleobase sequences with 
sequence identification numbers Seq ID no 77 and 81 are suitable for detecting M. avium, M. 
intracellulare and M. paratuberculosis as a group. 



15 



TGG CGT TGA GGT TTC 



CAC TAC ACA CGC TCG, and 



(Seq ID no 119) 
(Seq ID no 120) 
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The invention is furtiier illustrated by the non-limiting examples given below. 
EXAMPLES 

6 

EXAMPLE 1 

Mycobacterium species (M. bovis and M. intracellulare) 23S rDNA were partly amplified by 
PGR, and the PGR products were sequenced (both strands) using Cy6-labelted 

10 oligonucleotide primers (DNA Technology, Aarhus, Denmark) and the 7-deaza-dGTP Thermo 
Sequenase cycle sequencing kit from Amersham, Little Chaifont England. Sequences were 
- read using an ALFexpress automated sequencer and ALF%in (version 1.10) software from 
Pharmacia Biotech, Uppsala, Sweden. M. bovis and M. intracellulare 23S rRNA sequences 
are included at the following positions of the 23S rDNA sequence alignments: positions 681- 

15 729 (Figures 1C and 4D), positions 761-800 (Figures ID and 4E), positions 2401-2440 

{Figures 1H and 4K), positions 2441-2480 (Figures II and 4K), positions 2481-2520 (Figure 
11), positions 3041-3080 (Figure 4L), and positions 3081-3120 (Figures 1J and 4L). 

EXAMPLE 2 

20 

Sequence alignments (see Figures 1 to 5) of 23S, 16S and 5S rDNA of mycobacteria of the 
MTC group, and 238 and 16S rDNA of mycobacteria other than those of the MTC group 
(MOTT) were done using the Megalign (version 3.12) alignment tool from DNASTAR 
(Madison. Wl, USA), Up to one hundred sequences were aligned at a time. 

25 

Peptide nucleic acid probes in which the nucleobase sequence was complementary to 
distinctive mycobacterial rRNA were designed with due regard to secondary structures using 
the PrimerSelect program (version 3.04) from DNASTAR. As a control of sequence specificity, 
all probe sequences were subsequently matched with the GenBank and EMBL databases 
30 using BLAST sequence similarity searching at the National Genter for Biotechnology 
Information (http://www.ncbi.nlm.nih.gov). 

As examples, the following sequences were selected; 

35 MTC 23S 

TCA CCA GCC TCC TOG (Seq ID no 6) 

CCA CCC TCC TCC (modified Seq ID no 6) 

ACT ATT GAG ACG CGC (Seq ID no 8) 

CCA CAC CCA CCA CAA (Seq ID no 12) 
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AAC TCC ACA CCC CCG (Seq ID no 16) 

ACT CCA CAG CCC CGA (Seq ID no 1 7) 

ACT CCG CCC CAA CTG (Seq ID no 22) 

GTG TCC CTA AAC CCG (Seq ID no 23) 

5 TTC GAG GTT AGA TGC (Seq ID no 24) 

GTG CCT AAA CCC GAT (Seq ID no 25) 

GAG CTA TTG AAC CCG (Seq ID no 29) 

MTC16S 

10 GCATCCCGTGGTCCT (Seq ID no 33) 

CACAAGACATGCATC (Seq ID no 34) 

GGCTTTTAAGGATTC (Seq ID no 40) 

MOTT23S 

15 GAT CAA TGC TCG GTT (Seq ID no 44) 

CGACTCCACACAAAC (Seq ID no 76) 



MOTT 16S 

GCATTACCCGCTGGC (Seq ID no 85) 

20 

Drug resistance 

GTC TTA TCG TCC TGC (Seq ID no 90) 

GTG TTC TCG TCC TGC (Seq ID no 91) 

GTC TTG TCG TCC TGC (Seq ID no 92) 

25 GTG TAT TCG TCC TGC (Seq ID no 93) 

GTC TCT TCG TCC TGC (Seq ID no 94) 

GTG TGT TCG TCC TGC (Seq ID no 95) 

Precursor rRNA 

30 AAC ACTCCCTTTGGA (Seq ID no 123) 

Non-sense probes 

GTC CGT GAA CCC GAT (Seq ID no 121) 

TAG GCT GTT TGA GCT (Seq ID no 1 22) 

EXAMPLE 3 



35 



Peptide nucleic acid probes were syntiiesised using an Expedite 8909 Nucleic Acid Synthesis 
System purchased from PerSeptive Biosy stems (Framingham, USA), The peptide nucieic acid 
40 probes were terminated with two p-aianine molecules or with one or two lysine molecule(s) 
and, before cleavage from the resin, labelled with 5-(or 6)-carboxyfluorescein (Flu) or 
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rhodamine (Rho) at the p-amino group of alanine (peptide label) or e-amino group of lysine 
(peptide label), respectively. Probes were purified using reverse phase HPLC at 50^*0 and 
characterised using a G2025 A MALDi-TOF MS instrument (Hewlett Packard, San Fernando, 
California, USA). Molecular weights determined were within 0.1% of the calculated molecular 
5 weights. 



The following labelled peptide nucleic acid probes were synthesised: 



WITC 23S 

10 Lys(Flu)-Lys(Flu)-TCA CCA CCC TCC TCC-NH2 
Lys{Fiu)-Lys(Flu)-CCA CCC TCC TCC-NH2 
Lys(Flu)-Lys{Flu)-ACT ATP CAC ACG CGC-NH2 
Lys(Flu)"ACT ATT CAC ACQ CGC-NH2 
Lys(Flu)-Lys(Flu)-CCA CAC CCA CCA CAA-NH2 

1 5 Lys(Flu)-Lys(Flu)-AAC TCC ACA CCC CCG-NHg 
Lys(Flu)-Lys{Flu)-ACT CCA CAC CCC CGA-NHg 
Lys(Flu)-Lys(Flu)-ACT CCG CCC CAA CTG^NHg 
Lys(Flu)-Lys(Flu)-CTG TCC CTA AAC CCG-NHa 
Lys(Fiu)-Lys(Flu)-TTC GAG GIT AGA TGC-NH2 

20 Lys(Flu)-TTC GAG GTT AGA TGC-NH^ 

Lys{Flu)-Lys(Flu)-GTC CCT AAA CCC GAT-NH^ 
Lys(Flu)-GTC CCT AAA CCC GAT-NH2 
Lys(Flu)"GAC CTA TTG AAC CCG-NH^ 



(OK 446/modified Seq ID no 6) 
(OK 575/modified Seq ID no 6) 
(OK 447/modified Seq ID no 8) 
(OK 688/modified Seq ID no 8) 
(OK448/modified Seq ID no 12) 
(OK449/modified Seq ID no 16) 
(OK 309/modified Seq ID no 17) 
(OK 450/modified Seq ID no 22) 
(OK 305/modified Seq ID no 23) 
(OK 306/modified Seq ID no 24) 
(OK 682/modtfied Seq ID no 24) 
(OK 307/modified Seq ID no 25) 
(OK 654/modified Seq ID no 25) 
(OK 660ymodified Seq ID no 29) 



25 MTC 16S 

Lys(Flu)-Lys(Flu)-Gly-^GCA TCC CGT GGT CCT-NHa 
Lys(Flu)-Lys(Flu)-CAC AAG ACA TGC ATC-NH2 
Lys(Flu)"CAC AAG ACA TGC ATC-NHj 
Lys(Flu)-GGC TTT TAA GGA TTC-.NH2 
30 Lys(Rho)-GGCTTTTAAGGATrC-NH2 



(OK 223/modified Seq ID no 33) 
(OK 310/modified Seq ID no 34) 
(OK 655/modified Seq ID no 34) 
(OK 689/modified Seq ID no 40) 
(OK 702/modified Seq ID no 40) 



35 



MOTT 23S 

Flu-p-Ala-p-Ala-GAT CAA TGC TCG GTT-NH2 
Flu-p-Ala-p-AIa-CGA CTC CAC ACA AAC^NHa 

MOTT1BS 

F!u-p-Ala-p-Ala-GCA TTA CCC GCT GGC-NH2 



{OK 624/modified Seq ID no 44) 
(OK 612/modified Seq ID no 76) 



(OK623ymod(fied Seq ID no 85) 



40 



Drug resistance 

Lys(Flu)-GTC TTT TCG TCC TGC-NH^ 
Lys(Rho)-GTC TTA TCG TCC TGC-NH^ 



(OK 745ymodified Seq ID no 89) 
(OK 746/modified Seq ID no 90) 
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5 



Lys(Rho)-GTC TTC TCG TCC TGC-NH^ 
Lys(Rho)-GTC TTG TCG TCC TGC-NH2 
Lys(Rho)-GTC TAT TCG TCC TGC-NH2 
Lys(Rho)-GTC TCT TCG TCC TGC-NH^ 
Lys(Rho)-GTC TGT TCG TCC TGC-NH2 



(OK 746/modified Seq ID no 91) 
(OK 746/modifiecl Seq ID no 92) 
(OK 747/mQdified Seq ID no 93) 
(OK 747/modified Seq ID no 94) 
(OK 747/modified Seq ID no 95) 



Precursor rRNA 

Lys(Fiu)-AAC ACT CCC TTT GGA-NH2 



(OK 749/modified Seq ID no 123) 



10 



Reduction of non-specific binding 

GTC CGT GAA CCC GAT-NH2 
Gly-TAC GCT CTT TGA GCT-NHg 



(OK 507ymodlfied Seq ID no 121) 
(OK 714/modlfied Seq ID no 122) 



EXAMPLE 4 

15 

Initially the ability of the peptide nucleic acid probes to react with target sequences of 
mycobacterial rRNA was tested by dot blot carried out with rRNA from M. bovis BCG, M. 
avium and E.coli. 

20 M. bovis BCG (Statens Serum Institut, Denmark) and M. intracellulare (Icindly provided by 

Statens Serum Institut) were grown in Dubos broth (Statens Serum Institut) or on LOwenstein- 
Jensen slants (Statens Serum Institut) at 37 ^0. RNA was isolated from the bacterial cells 
using TRI-reagent (Sigma) following manufacture's directions. E. coli rRNA was purchased 
from Boehringeri\/lannheim, Germany. 

25 

200 ng M. bovis RNA, M. intracellulare RNA and E. coli rRNA were dotted onto membranes 
(Schleicher & SchUel, NY 13 N), and the membranes were dried and fixed under UV light for 2 
minutes. 

30 Protocol for dot blot assay 

Each of the probes (70 nU probe in hybridisation solution (50 mM Tris, 10 mM NaCI, 10% 
(w/v) Dextran sulphate, 50% (v/v) glycerol. 5 mM EDTA, 0.1% (w/v) sodium pyrophosphate, 
0.2% (w/v) polyvinylpyrrolidone, 0.2% (w/v) Ficoll, pH 7.6.)) were spotted onto a membrane. 
Hybridisation was continued for 1.5 hours at 55 or 65 ^C, respectively. The membranes were 

35 rinsed 2 times for 15 minutes in 2 x SSPE buffer (1 x SSPE; 0.15 M NaCI, 10 mM sodium 
phosphate, 1 mM EDTA, pH 7,4) containing 0.1% SDS at ambient temperature, and 
subsequently 2 times for 15 minutes in 0.1 x SSPE buffer containing 0.1% SDS at 55 or 65 
(see Table 1). The membrane was blocked with 0.6% (w/v) casein dissolved in 0.5M NaCI, 
0.05M Tris/HCI pH 9.0, Thereafter, the membranes were incubated for 1 hour with rabbit-anti 
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FITC antibody labelled with alkaline phosphatase (AP) (DAKO K0046 vial A) diluted 1:2000 in 
0.5% casein dissolved in 0,5M NaCI, 0.05IV[ Tris/HCI pH 9.0. After incubation, the membranes 
were washed 3 times 5 minutes with TST buffer (0,05M Tris, 0.5M NaCI, 0.5% (w/v) Tween 
20®, pH 9) at ambient temperature. Bound probes were visualised following standard 
5 procedures using BCIP/NBT, and the visualisation was stopped by incubation for 10 minutes 
with 10 mM EDTA. The blot was dried at 50 ^C. 

The results are given in Table 1 below. 

10 TABLE 1 





E. coll 


M. bovis BCe 


M. Intracellulare 




rRNA 


RNA 


RNA 


Probe 


55 *C 


65 


55 °C 


65 °C 


55 


66 


OK 305 


negative 


negative 


positive 


positive 


negative 


weak 


OK 307 


negative 


negative 


positive 


positive 


negative 


weak 


OK 309 


negative 


negative 


positive 


positive 


negative 


weak 


OK 223 


negative 


negative 


positive 


positive 


nd 


nd 


OK 310 


negative 


negative 


negative 


positive 


negative 


negative 



nd: Not determined 



The results indicate that all five peptide nucleic acid probes are capable of hybridising to target 
sequence of M. bovls BCG rRNA (as a representative of the MTC group), whereas no 
15 hybridisation to E. coll rRNA (as a representative of organisms other than mycobacteria) and 
no detectable hybridisation to M, intracellulare rRNA were observed (as a representative of 
the MOTT group). 

EXAMPLE 5 

20 

This example Illustrates the ability of the peptide nucleic acid probes to penetrate the 
mycobacterial cell wall and subsequently hybridise to target sequence of mycobacteria of the 
MTC group and not mycobacteria of the MOTT group, In particular not mycobacteria of the 
MAC group, or Neisseria gonorrhoeae, by fluorescence in situ hybridisation (FISH). 

25 

Preparation of bacterial slides 

M, bovis BCG (Statens Seruminstitut, Denmark), M. avium (kindly provided by Statens 
Seruminstitut. Denmark), and M. intracellulare (kindly provided by Statens Seruminstitut, 
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Denmark) were grown in Dubos broth (Statens Seruminstitut, Dennnark) or on Lowenstein- 
Jensen slants (Statens Seruminstitut, Denmark) at 37 ""C. N. gonorrhoeae (Statens 
Seruminstitut, Denmark) was grown on chocolate agar (Statens Seruminstitut, Denmark) at 37 
with additional 5% CO2. 

Cultures were smeared onto microscope slides and fixed according to standard procedures. 
Prior to the hybridisation, the smears were immersed into 80% ethanol for 15 minutes, and 
subsequently rinsed with water and air dried. This step is not essential for the following 
hybridisation step, but it is anticipated that it will kill any viable mycobacteria on the slides, and 
may further serve as an additional fixation step. 

Protocol for fluorescence in situ hybridisation (FISH) 

1 . The bacterial slide was covered with a hybridisation solution containing the probe in 
question. 

2. The slide was incubated in a humid incubation chamber at 45*^0 or 55^*0 for 90 
minutes. 

3. The slide was washed 25 minutes at 45^C or 55^*0 in prewarmed wash solution (5 mM 
Tris, 145 mM NaCI, pH 10) followed by 30 seconds in water. 

4. The slide was dried and mounted with IMAGEN Mounting Fluid {DAKO» Copenhagen, 
Denmark) 

The hybridisation solution contains 60 mM TrIs, 10 mM IslaCI, 10% (w/v) Dextran sulphate, 
30% ( v/v) formamlde, 0. 1 % (v/v) Triton X-1 00®, 5 mM EDTA, 0.1% (w/v) sodium 
pyrophosphate, 0.2% (w/v) polyvinylpyn-olidone, 0.2% (w/v) Ficoll, pH 7.6, 

Whenever possible, the applied equipment was heat-treated, and solutions were exposed to 
1liil/m! diethylpyrocarbonate (Sigma Chemical Co.) in order to inactivate nucleases. 

Microscopically examinations were conducted using a fluorescence microscope (Leica, 
Wetzlar, Germany) equipped with a IOOx/1,20 water objective, a HBO 100 W lamp and a 
FITC filter set. Mycobacteria were identified as fluorescent, 1 - 10 iim slender, rod-shaped 
bacilli. 

Fluorescein-labelled peptide nucleic acid probes targeting 23S rRNA of the mycobacteria of 
the MTC group (OK 306, OK 309, OK 446. OK 449) and 16S rRNA of the mycobacteria of the 
MTC group (OK 310) were tested. Individual probe concentrations and incubation 
temperatures are listed together with the results in Table 2 and 3. 
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TABLE 2 





OK 306 


OK 309 


OK 446 


OK 449 




250nM 


250nM 


500nM 


SOOnM 






45^C 


56°C 


55^C 


M. bovis BCG 


positive 


positive 


positive 


positive 


M. avium 


negative 


negative 


negative 


negative 


M. intraceiiuiare 


negative 


negative 


not determined 


not determined 


N. gonorrhoeae 


negative 


negative 


not determined 


not determined 


TABLES 












OK 447 


OK 310 


OK 306/OK310 








250nM 


500/500nM 






55«C 


45^0 






M. bovis BCG 


positive 


positive 


positive 




M, avium 


negative 


negative 


negative 




M. intraceiiuiare 


not determined 


negative 


negative 




N. gonorriioeae 


not determined 


negative 


not determined 





5 It can be concluded that the probes are able to penetrate the mycobacteriat cell wall of 
mycobacterium cultures and subsequently hybridise to target rRNA sequence. This makes 
possible the development of fluorescence in situ hybridisation (FISH) protocols for specific 
detection of mycobacteria. 



10 EXAMPLE 6 

Test of probes on clinical smears of sputum 

The ability of the peptide nucleic acid to penetrate the cell wail of mycobacteria of the MTC 
group in clinical samples was tested on smears of sputum from suspected cases of 
15 tuberculosis (kindly provided by Division of Microbiology, Ramathibodi Hospital, Bangkok. 
Thailand) by fluorescence in situ hybridisation (FISH). Smears from the same patient were 
initially evaluated positive by Ziehl-Neelsen staining, which shows only the presence of acid 
fast bacilli, not whether these are mycobacteria of the MTC group. 

20 Fiuorescein-labelled peptide nucleic acid probes targeting 23S rRNA of the mycobacteria of 
the MTC group (OK 306, OK 446, OK 449) and 168 rRNA of the mycobacteria of the MTC 
group (OK 310) were used. Furthermore, a random peptide nucleic acid probe (a 15-mer 
wherein each position may be A, T, C or G (obtained from Millipore Corporation, Bedford, MA, 
USA) was added to the hybridisation solution in order to increase the signal-to-noise ratio. 
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FISH was carried out at 65 °C as described in Example 5, Applied probe concentrations are 
listed together with the results in Table 4 and 5. 



TABLE 4 



Sample 
number 


OK 446/Random 
IjiM/SOfxM 


OK449/Random 
VM/50|nM 


Ziehl-Neeisen 
staining 


285 


Positive 


Positive 


4+ 


335 


Positive 


Eq. 


2-^ 


345 


Positive 


Positive 


3+ 


224 


Positive 


Positive 


3+ 


297 


Negative 


Eq. 


2-f. 


179 


Negative 


Negative 


4+ 


247 


Negative 


Negative 


2+ 


255 


Positive 


Positive 


2+ 


202 




Positive 


2+ 


TABLES 








Sample 
number 


OK 306/OK 310 
500/500 nM 


Ziehl-Neelsen 
staining 




213 


Positive 


4+ 




292 


Positive 


4+ 




159 


Positive 


3+ 




287 


Positive 


3+ 





10 



to the following method: 0 bacilli, +/-: 1-200 per 300 fields. 2+: 1-9 per 10 fields. 3+: 1-9 per field, 4+: 
>9 per field. 

Positive: Several mycobacteria were identified in the smear. Negative: No fluorescent mycobacteria 
were identified in the smear. Eq: Few (1-3) fluorescent mycobacteria were identified in the smear. 



It appears from the table that the peptide nucleic acid probes are able to penetrate and 
subsequently hybridise to target sequence of mycobacteria of the MTC-group in AFB-positive 
15 sputum smears. The fact that not all AFB-positive sputum smears are found positive with 

applied probes indicate that not all AFB-positive sputum smears contains mycobacteria of the 
MTC-group. 



20 



EXAMPLE 7 



The reactivity and specificity of selected peptide nucleic acid probes for detecting 
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mycobacteria of the MTC group as well as probes for detecting mycobacteria of the MOTT 
group were evaluated by fluorescence in situ hybridisation (FISH) on control smears prepared 
from cultures of different mycobacterium species. The mycobacterium species were selected 
so as to be representative for the mycobacterium genus as well as to include clinically relevant 
5 species. 

M. tuberculosis (ATCC 26177), M. bovis BCG (ATCC 35734), M. intracellulare (ATCC 13950), 
M. avium (ATCC 25292). M. kansasii {ATCC12479), M. gordonae (ATCC 14470), M, 
scrofulaceum (ATCC 19981), M. abscessus (ATCC19977)» M. marinum (ATCC 927), M. 
10 simiae (ATCC 25575), M. szulgai (ATCC 35799), M. flavescens (ATCC 23033), M. fortuitum 
(ATCC 43266) and M. xenopi (ATCC19250) were grown at Dubos broth (Statens Serum 
Institut) at 37 ^C with the exception of M. marinum which was grown at 32 *=*C. 

Smears were prepared as described in Example 5. FISH was carried out as described below. 

15 

Protocol for fluorescence in situ hybridisation (FISH) 

1 . The bacterial slide was covered with a hybridisation solution containing the probe in 
question. 

2. The slide was incubated in a humid incubation chamber at SS^'C for 90 minutes. 

20 3. The slide was washed 30 minutes at 55^C in prewarmed wash solution {5 mM Tris, 1 5 
mM NaCI, 0.1% (v/v), Triton X-IOO®, pH 10) followed by 30 seconds in water. 
4. The slide was dried and mounted with IMAGEN Mounting Fluid (DAKO, Copenhagen, 
Denmark) 

25 The hybridisation solution contained 50 mM Tris, 10 mM NaCI, 10% (w/v) Dextran sulphate, 
30% (v/v) formamide. 0,1% (v/v) Triton X-100®, 5 mM EDTA, 0.1% (w/v) sodium 
pyrophosphate, 0.2% (w/v) polyvinylpyrrolidone, and 0.2% (w/v) Ficoll, pH 7.6. To avoid non- 
specific binding of the labelled peptide nucleic acid probe, 1-5 ^iM of non-labelled, non-sense 
peptide nucleic acid probe was added to the hybridisation solution (OK 507/modified Seq ID 

30 no 121 and/or OK 714/modlfied Seq ID no 122). 

Whenever possible, the applied equipment was heat-treated, and solutions were exposed to 
1 |Al/ml diethylpy rocarbonate (Sigma Chemical Co.) in order to inactivate nucleases. 

35 Microscopic examinations were conducted using a fluorescence microscope (Leica, Wetzlar, 
Germany) equipped with a 100x/1.30 oil objective, a HBO 100 W lamp and a FITC/TRITC dual 
band filter set, Mycobacteria were identified on basis of both fluorescence (strong, medium, 
weak, no) and morphology (1-10 |im slender, rod-shaped bacillL Mycobacteria of the MOTT 
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group may appear pleomorphic, ranging in appearance from long rods to coccoid forms) 

Probe concentrations are listed together with the results in Table 6 and 7 (probes targeting 
mycobacteria of the MTC group) and Table 8 (probes targeting to mycobacteria of the MOTT 
group). 



TABLE 6 





OK 460 
25 nM 


OK 682 
100 nM 


OK 689 
100 nM 


OK 688 
250 nM 


OK 660 
100 nM 


M. tuberculosis 


+++ 


+++ 


+++ 


+4-+ 


+++ 


M. bovis BCG 


+++ 


+++ 


+++ 


+++ 


+++ 


M. intracellulare 












Wl. avium 












M. kansasit 


++ 










M. gordonae 












M. scrofulaceum 


+++ 










M. abscessus 










+ 


M. marinum 


"*■+■»• 






+ 




M. simiae 












M. szutgai 


+++ 










M. flavescens 




++ 








M. fortuitum 




+ 








xenopi 




+4* 









+++ strong fluorescence, ++ medium fluorescence, + weak fluorescence, - no fluorescence 
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TABLE 7 



Mycobacteria 


OK 655 
160 nM 


OK 448 
60 nM 


OK 654 
100 nM 


OK 446 
25 nM 


M. tuberculosis 


+++ 


+++ 




+++ 


M. bovis BCG 


+++ 


+++ 


+++ 


+++ 


intracellulare 


- 




- 


- 


M, avium 


- 


- 




- 


M. kansasii 


- 


- 


- 


- 


M. gordonae 










M. scrofulaceum 










M. abscessus 






+ 




marinum 






+ 




M. simiae 










M. szulgai 










M. flavescens 










M. fortuitum 










M. xenopi 











+++ strong fluorescence, ++ medium fluorescence. -»* weak fluorescence, - no fluorescence 



TABLE 8 



Mycobacteria 



M. tuberculosis 



M. bovis BCG 



M, intracellulare 



M, avium 



M. kansasii 



M. gordonae 



M. scrofulaceum 



M. abscessus 



M. marinum 



M. simiae 



M, szulgal 



M. flavescens 



M. fortuitum 



M. xenopi 



OK 612 
100 nM 



OK 624 
100 nM 



OK 623 
100 nM 



+++• 



+++ strong fluorescence, ++ medium fluorescence, + weak fluorescence, - no fluorescence 



Each of probes indicated in Table 6. 7 and 8 was further investigated with regard to 
hybridisation to other common respiratory bacteria, namely Corynebacterium spp., 
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Fusobacterium nucleatum, Haemophilus influenzae, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Propionibacterium acnes, Streptococcuc pneumoniae, Staphylococcus aureus. 
Brahamella catarrahalis, Escherichia coil, Neisseria spp., Actlnobacter calcoaoeticus, 
Actinomyces spp., Enterobacter aerogenes, Proteus mirabilis, Pseudomonas maltophilia. 
Streptocussuc viridans, and Norcardia asteroides. No cross-hybridisation was observed by 
fluorescence in situ hybridisation to any of these bacteria in the case of OK 682, OK 654, OK 
655, OK 688, OK 660, OK 612, OK 624 and OK 623. Some cross-reactivity was observed in 
the case of OK 446 (to P. acnes), OK 448 (to P. acnes and B. catarrhalis), and OK 450 (to P. 
acnes and B. catarrhalis). 

Table 6 and 7 shows that none of the MTG probes cross-react with M. intraceilulare and/or M. 
avium; but indeed strongly with M. tuberculosis and M. bovis BCG. As shown in Table 8, both 
OK 624 and OK 623 hybridise to M. intraceilulare and M. avium which are both members of 
the UAC group, whereas none of them hybridise to M. tuberculosis or M. bovis BCG. OK 612 
hybridises to M. avium only. It should be noted that the aligned sequence of M. intraceilulare 
has just one nucleobase difference to the target sequence of M. avium, see Figure 4K. 

The data support the use of the methodology described in claim 3 and 4 and exemplified in 
Example 2 for design of peptide nucleic acid probes that are capable of hybridising to target 
sequence of one or more mycobacterium species and not to other mycobacterium species 
having at least one nucleobase difference to the target sequence. 

EXAMPLES 

To study the usefulness of the peptide nucleic acid probes in distinguishing between 
mycobacteria of the MTG group and mycobacteria of the MOTT group, the probes were tested 
on smears of mycobacterium-positive cultures prepared from 34 + 28 clinical samples (sputum 
samples, other respiratory samples and extrapulmonary samples) from individuals suspected 
of tuberculosis or other mycobacterial infections (kindly provided by the Mycobacterium 
Department, Statens Serum Instttut. Denmark). Complex/species identification data obtained 
with the AccuProbe tests from Gen-Probe Inc., USA were available for each sample. 

Table 9 shows the results obtained with four different peptide nucleic acid probes targeting 
mycobacteria of the MTG group (OK 682. OK 660, OK 688 and OK 689) and one probe 
targeting mycobacteria of the MOTT group (OK 623), and Table 10 shows the results obtained 
with two peptide nucleic acid probes targeting mycobacteria of the MOTT group (OK 623 and 
OK 612) and a mixture of two probes targeting mycobacteria of the MTG group (OK 688 and 
OK 689). Data are arranged according to the results obtained by AccuProbe, Sample 
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10 



preparation, hybridisation and visualisation were performed as described in Example 7. 



TABLE 9 



Complex/ 


OK 623 


OK 682 


OK 660 


OK 688 


OK 689 


species (n) 


25 nM 


100 nM 


100 nM 


250 nM 


100 nM 




Hp 


np 


np 


np 


Hp 


MTC (23) 


0 


23 


23 


23 


23 


M. avium (5) 


5 


0 


0 


0 


0 


M. gordonae (3) 


3 


0 


0 


0 


0 


Unknown" (3) 


3 


0 


0 


0 


0 



np denotes number of positive samples. 



The term "unknown" means that the sample not contains mycobacteria of the MTC group, or 
mycobacteria of the MAC group according the AccuProbe test, but further species identification 
was not performed. 



TABLE 10 



Complex/ 


OK 623 


OK 612 


OK 688/OK 689 


species (n) 


26nM 


100 nM 


50 nM/60 nM 




np 




np 


MTC (17) 


0 





16 


M. avium (2) 


2 


2 


0 


M. gordonae (4) 


3 


0 


0 


Unknown (5) 


5 


0 


0 



Op denotes number of positive samples. 



The term "unknown" means that the sample not contains mycobacteria of the MTC group, or 
mycobacteria of the MAC group according to the AccuProbe test, but further species identification 
was not performed. 

15 The results shown in Table 9 are in conformity with the complex/species identification 

performed with the AccuProbe tests, and thus confirm that peptide nucleic acid probes can be 
used to determine whether an infection is caused by mycobacteria of the MTC group or by 
mycobacteria of the MOTT group. 



20 From the results in Table 10, it can be seen that It Is possible to differentiate between. 

mycobacteria of the MTC group and mycobacteria of the MOTT group with 100% specificity 
and 91-94% sensitivity relative to results obtained by the AccuProbe tests. Furthermore, OK 
612 is very suitable for specific identification of M. avium among those being positive for 
mycobacteria of the MOTT group as the result is positive in the case of M. avium and negative 

25 in the other cases of mycobacteria of the MOTT group. 
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EXAMPLE 9 

Direct detection of mycobacteria in clinical smears of sputum 

This example demonstrates the ability of the peptide nucleic add to detect and identify 
5 mycobacteria directly in AFB-positive sputum samples from suspected cases of tuberculosis 
(kindly provided by Division of Microbiology, Ramathlbodi Hospital, Bangkok, Thailand) and 
suspected cases of other mycobacterial infections (kindly provided by Clinical Microbiology 
Dept., Rigshospitalet, Copenhagen, Denmark) by FISH is shown. 

10 The clinical smears were prepared according to the procedure described in Example 5, and 
FISH was performed as described in Example 7, The results are shown in Table 1 1 . 



TABLE 11 





OK 623 


OK 654 


OK 655 


OK 682 


OK 688 


OK 689 


Sample no. 


25 m 


100 nM 


150 nM 


100 nM 


250 nM 


100 nM 


1 




++ 


4.4. 


4-+ 


++ 


++ 


175 






nd 


nd 


+-f 


++ 


459 






nd 


nd 






166 








nd 






268 




++ 


++ 


++ 


++ 


+4. 


34267 


++ 













nd: not determined 

^ g +++ strong fluoiescence, ++ medium fluoresoence. + weak fluorescence, - no fluorescence 

It appears from examples in Table 1 1 that AFB-positive sputum smears were evaluated 
positive for mycobacteria of the MTC group (sample numbers 1 , 176, and 268), positive for 
mycobacteria of the MOTT group (sample number 37267). or negative far mycobacteria 

20 (sample numbers. 459 and 166) by the applied probes. Thus, PNA-probes are useful reagents 
for specific identification of mycobacteria directly in sputum smears by fluorescence in situ 
hybridisation. AFB-positive sputum samples that are negative with all probes may be 
explained in three ways: a) the sample may contain mycobacteria not detected by the probes, 
e.g. M. fortuitum, b) the sample may contain other acid-fast bacteria than mycobacteria, or c) 

26 the mycobacteria in the sample lack or have a strongly reduced content of rRNA due to for 
example antibiotic treatment. 

In conclusion, direct identification of mycobacteria in smear-positive sputum samples by 
peptide nucleic acid-based fluorescence in situ hybridisation combines simplicity and 
30 morphological advantages of current staining methods with concominant species 
Identification, and will thus allow clinical microbiology laboratories to benefit from the 
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advantages offered by molecular techniques to provide crucial information pertaining to 
therapy and patient management. 

EXAMPLE 10 

5 

This example demonstrates simultaneous detection and identification of mycobacteria of the 
MTC group and mycobacteria of the MOTT group using differently labelled probes targeting 
mycobacteria of the MTC group and mycobacteria of the MOTT group, respectively, by 
fluorescence in situ hybridisation. 

10 

Control smears of different mycobacterium species were prepared as described in Example 5. 
In additionrsmears containing a mixture of M, tuberculosis and M. avium were prepared 
(Table 8, last row). FISH was performed as described in Example 7. 

1 5 A rhodamine-labelled peptide nucleic acid probe targeting 1 6S rRNA of mycobacteria of the 
MTC group (OK 702) and a fluorescein-iabelled peptide nucleic acid probe targeting 16S 
rRNA of mycobacteria of the MOTT group (OK 623) were applied simultaneously in the 
concentrations listed in Table 12 together with the results. 

20 TABLE 12 



Mycobacterium species 


OK623/OK 702 
25/250 nM 


M. tuberculosis 


- (G)/ +++ (R) 


M. bovis BCG 


.(G)/ +++ (R) 


M. avium 


+++ (G)/-(R) 


M. intracellulare 


+++ (G)/"(R) 


M. kansasii 


+++ (G)/-{R) 


M. avium / M. tuberculosis 


+++ (G)/-^++ (R) 



+++ strong fluorescence - no fluorescence 
G green fluorescence, R red fluorescence 



Mycobacteria of the MTC group, Le. M, tuberculosis and M. bovis, were observed as green 
25 fluorescent mycobacteria, whereas mycobacteria of the MOTT group, i.e, M. avium, M. 

intracellulare and M. kansasii, were observed as red fluorescent mycobacteria. Mycobacteria 
in the M. avium/M. tuberculosis mixture were identified by a mixture of both green fluorescent 
mycobacteria and red fluorescent mycobacteria. 

30 The results show that it is possible to distinguish between different Mycobacterium species in 
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one smear using a mixture of differently labelled probes. Such simultaneous detection and 
identification of mycobacteria may further be extended to comprise three or more differently 
labelled peptide nucleic acid probes. 

5 EXAMPLE 11 

The ability of a peptide nucleic acid probes to hybridise to precursor rRNA and further to 
distinguish between precursor rRNA of M. tuberculosis and precursor rRNA of avium was 
investigated by fluorescence in situ hybridisation. 

10 

Smears were prepared as described in Example 5 and FISH were carried out as described in 
Example 7 using a fluorescein-labelled probe targeting precursor rRNA of M. tuberculosis (OK 
749), The results are given in Table 13. 

15 TABLE 13 



Mycobacterium 


OK 749 
1000 nM 


M. tuberculosis 


+ 


M. avium 





+ weak fluorescence - no fluorescence 



From the results, it can be concluded that it is possible to detect precursor rRNA, and further 
that is possible to distinguish between precursor rRNA from different mycofaacterium species. 
20 The application of peptide nucleic acid targeting precursor rRNA may be particularly useful for 
measuring the mycobacterial growth and thus be an indicator of the viability of the 
mycobacteria. This would in particular be important for monitoring of the effect of antibiotics in 
relation to both treatment of tuberculosis and drug susceptibility studies. 

25 EXAMPLE 12 

The ability of peptide nucleic acid probes for differentiation of drug susceptible and drug 
resistant mycobacteria was evaluated using a fluorescein-labelled probe targeting the wild 
type sequence of 23S rRNA of M. avium and M. intracellulare together with rhodamine- 
30 labelled probes targeting single point mutations associated with macroiide resistance In M. 
avium and M. intracellulare. 

Smears were prepared as described in Example 5 from cultures of M. avium (ATCC no. 
25292) and M. intracellulare (ATCC no. 13950). These strains are anticipated to contain the 
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wild type sequence of rRNA. Macrolide resistant variants were not available. FISH was carried 
out as described in Example 7 using a fluoresceln-labelled peptide nucleic acid probe 
targeting wild type 23S rRNA (OK 745) and a nnixture of rhodamine-labelled peptide nucleic 
acid probes targeting the three possible mutations at position 2568 (OK 746) and at position 
2569 (OK 747) of M. avium 23S rDNA of GenBank entry X52917 (see Figure 6). The results 
are given in Table 14, 



TABLE 14 



Mycobacterium species 


OK 746/OK 746/OK 747 
500/500/500 nWl 


M. avium (wild type) 


(G)/-(R) 


Mr intracellulare (wild type) 


(G)/-(R) 



G green fluorescence, R red fluorescence 

OK 746 and OK 747 are each a mixture of three single point mutation probes 



The results in Table 14 show that M. avium and M. intracellulare are detected with the 
fluorescein-iabelled probe (OK 745) targeting M. avium and M. intracellulare wild types and 
not detected with the mixture of rhodamine-labelled probes (OK 746 and OK 747) targeting 
single point mutations associated with macrolide resistance. Such peptide nucleic acid probes 
targeting the wild type and drug resistant variants, respectively, may be important tools for 
both the prediction of an efficient therapy as well as for monitoring the effect of the treatment. 



EXAMPLE 13 

To illustrate the speed with which peptide nucleic acid probes penetrate the mycobacterial cell 
wall and subsequently hybridise to their target sequence the protocol described in Example 7 
was modified to 15 minutes hybridisation time and the results compared with 90 minutes 
hybridisation time. Smears were prepared as described in Example 5. The results are given in 
Table 15. 
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TABLE 15 





OK 623 


OK 689 




26 nM 


100 nM 




15 min 


90 min 


15 min 


90 min 


M. tuberculosis 






++ 


+++ 


M. avium 


+4- 


+++ 


■n.,«**4i.i... ....r.l 





+4"f strong fluorescence ++ medium fluorescence 
+ weak fluorescence - no fluorescence 



5 The data presented in Table 15 show that hybridisation by peptide nucleic acid probes inside 
the mycobacterial cells is accomplished in a very short time resulting in a detectable signal 
after just 15 minutes incubation. Thus, the use peptide nucleic acid probes makes possible the 
development of very fast fluorescence in situ hybridisation protocols. 



10 EXAMPLE 14 



To describe the ability of very short peptide nucleic acid probes to hybridise to target 
sequences, a 12'-mer peptide nucleic acid probe labelled with fluorescein (OK 675) was tested 
by fluorescence in situ hybridisation (FISH), 

Smears were prepared as described in Example 5 and FISH were carried out as described in 
Example 7. The results are given in Table 16. 



TABLE 16 



Mycobacterium 


OK 576 




50 nM 


M. tuberculosis 


+ 


M. bovis BCG 


++ 


M. avium 




M. intracellulare 




M. kansasii 





20 ++ medium fluorescence + weak fluorescence - no fluorescence 



25 



The results in table 17 shows that a 12-mer peptide nucleic acid probe is capable of 
hybridising specifically to target sequences under the same stringency conditions as 15-mers. 
A lower florescence intensity is obtained as the T^ for a 12-mer peptide nucleic acid probe is 
lower than T^, for a 1 5-mer peptide nucleic acid probe. 
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The data cleariy suggest that by lowering the stringency condition, e.g. by decreasing the 
hybridisation/washing temperature and/or the concentration of formannide, even shorter 
probes may be applied for detection of mycobacteria provided that specific sequences of such 
can be designed. 
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CLAIMS 

1. Peptide nucleic acid probe for detecting a target sequence of one or more mycobacteria 
optionally present in a sample, said probe being capable of hybridising to a target sequence of 

5 mycobacterial rDNA, precursor rRNA or rRNA forming detectable hybrids, 
and a mixture of such probes. 

2. Peptide nucleic acid probe according to claim 1, said probe being capable of hybridising to 
a target sequence of mycobacterial rDNA, precursor rRNA, or 23S, 16S or 5S rRNA forming 

10 detectable hybrids, 

and a mixture of such probes, 

3. Peptide nucleic acid probe according to claim 1 or 2, said probe being capable of 
hybridising to a target sequence of mycobacterial rDNA, precursor rRNA, or 23S, 16S or 5S 

15 rRNA forming detectable hybrids, said target sequence being obtainable by 

(a) comparing the nucleobase sequences of said mycobacterial rRNA or rDNA of one or more 
mycobacteria to be detected with the corresponding nucleobase sequence of organism{s), In 
particular other mycobacteria, in particular other mycobacteria, from which said one or more 

20 mycobacteria are to be distinguished, 

(b) selecting a target sequence of said rRNA or rDNA which includes at least one nucleobase 
differing from the corresponding nucleobase of the organism(s), in particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished, and 

25 

(c) detenrjining the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids, 

and a mixture of such probes. 

30 4. Peptide nucleic acid probe according to claim 1 or 2, said probe being capable of 

hybridising to a target sequence of mycobacterial rDNA, precursor rRNA or 23S, 16S or 5S 
rRNA forming detectable hybrids, said probe being obtainable by 

(a) comparing the nucleobase sequences of said mycobacterial rRNA or rDNA of one or more 
35 mycobacteria to be detected with the corresponding nucleobase sequence of organism(s), in 
particular other mycobacteria, in particular other mycobacteria, from which said one or more 
mycobacteria are to be distinguished. 
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(b) selecting a target sequence of said rRNA or rDNA which includes at least one nudeobase 
differing from the corresponding nudeobase of the organlsm(s), in particular other 
mycobacteria, from which said one or more mycobacteria are to be distinguished, 

5 (c) synthesising said probe, and 

(d) determining the capability of said probe to hybridise to the selected target sequence to 
form detectable hybrids, 
and a mixture of such probes. 

10 

5, Peptide nucleic acid probe according to any one of claims 1 to 4 for detecting a target 
sequence of one or more mycobacteria of the Mycobacterium tuberculosis Complex (MTC) or 
for detecting a target sequence of one or more mycobacteria other than mycobacteria of the 
Mycobacterium tuberculosis Complex (MOTT) optionally present in a sample, which probe 
15 • comprises from 6 to 30 polymerised peptide nucleic acid moieties, said probe being capable of 
hybridising to a target sequence of mycobacteria! rDNA, precursor rRNA or 23S, 16S or 5S 
rRNA forming detectable hybrids, 
and a mixture of such probes. 

20 6. Peptide nucleic add probe according to any one of claims 1 to 5 for detecting a target 

sequence of rDNA, precursor rRNA or 23S. 16S or 5S rRNA of one or more mycobacteria of 
the Mycobacterium tuberculosis Complex (MTC) or for detecting a target sequence of rDNA, 
precursor rRNA or 23S, 16S or 5S rRNA of one or more mycobacteria other than 
mycobacteria of the Mycobacterium tuberculosis Complex (MOTT) optionally present in a 

25 sample, which probe comprises from 1 0 to 30 polymerised moieties of formula (1) 



30 




(I) 



wherein each X and Y independently designate O or S, 

each Z independently designates O, S, m\ or C(R^)2. wherein each R^ independently 
designate H, C,^ alkyi, Ci^ alkenyi, C^e alkynyl, 
35 each R^, R^ and R"^ designate independently the side chain of a naturally occurring amino 
acid, the side chain of a non-naturaliy occurring amino acid. Ci^ aikyl, C^^ alkenyi or C1.4 
aikynyl, or a functional group, each Q independently designates a naturally occurring 
nudeobase, a non-naturally occurring nudeobase, an intercalator, a nucleobase-binding 
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group, a label or H, 

with the proviso that the probe comprising such subsequence is capable of forming detectable 
hybrids with the target sequence of said mycobacterial rDNA, precursor rRNA or 23S, 16S or 
5S rRNA. 

and a mixture of such probes. 

1, Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
sequence of 23S rRNA of one or more mycobacteria of the Mycobacterium tuberculosis 
Complex (MTC) optionally present in a sample, which probe comprises from 10 to 30 
polymerised moieties of formula {!) as defined in claim 6, 

with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
nucleobase of M, tuberculosis 23S rRNA differing from the corresponding nucleobase of at 
least M. avium located within the following domains 

Positions 149-158 in Figure 1A, 

Positions 220-221 in Figure 1A, 

Positions 328-361 in Figure 1A and Figure 1B, 

Positions 463-465 in Figure 1B, 

Positions 490-501 in Figure IB. 

Positions 637-660 in Figure 1C, 

Positions 706-712 in Figure 1D, 

Positions 762-789 in Figure 1 D, 

Position 989 in Figure 1D» 

Positions 1068-1072 in Figure 1D, 

Position 1 148 in Figure 1 E, 

Positions 1311-1 329 in Figure 1 E, 

Positions 1 361-1 364 in Figure 1 F, 

Position 1418 in Figure 1F, 

Positions 1563-1570 in Figure IF, 

Positions 1627-1638 in Figure 1G, 

Positions 1676-1677 in Figure 1G, 

Position 1718 in Figure 1G, 

Positions 1734-1740 in Figure 1H, 

Positions 1967-1976 in Figure 1H, 

Positions 2403-2420. In Figure 1H, 
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Positions 2457-2488 tn Figure 11, 
Positions 2952-2956 in Figure 11, 
Positions 2966-2969 in Figure 1J, 
Positions 3000-3003 in Figure 1J or 
5 Positions 3097-3106 in Figure 1J, 

and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 23S rRNA, 
and a mixture of such probes. 

10 

a. Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
sequence of IBS rRNA of one or more mycobacteria of the Mycobacterium tuberculosis 
Complex (MTG) optionally present in a sample, which probe comprises from 10 to 30 
polymerised moieties of formula (I) as defined In claim 6, 

15 

with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
nucleobase of M. tuberculosis 16S rRNA differing from the corresponding nucleobase of at 
least M. avium located within the following domains 

20 

Positions 76-79 in Figure 2A, 

Positions 98-101 in Figure 2A. 

Positions 1 35-1 36 in Figure 2 A, 

Positions 194-201 in Figure 2B, 
25 Positions 222-229 in Figure 2B, 

Position 242 in Figure 2B, 

Position 474 in Figure 2C, 

Positions 1 1 36-1 1 45 in Figure 2C, 

Positions 1271-1272 in Figure 2C. 
30 Positions 1287-1292 in Figure 2D, 

Position 1313 in Figure 2D, or 

Position 1334 in Figure 2D, 

and further with the proviso that the probe comprising such subsequence is capable of forming 
35 detectable hybrids with a target sequence of said mycobacterial 16S rRNA, 
and a mixture of such probes. 



9. Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
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sequence of 5S rRNA of one or more mycobacteria of the Mycobacterium tuberculosis 
Complex (MTC) optionally present In a sample, which probe comprises from 10 to 30 
polymerised moieties of formula (I) as defined in claim 6, 

6 with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence Includes at least one nucleobase that Is complementary to a 
nucleobase of M. tuberculosis 5S rRNA differing from the corresponding nucleobase of at 
least M. avium located within the following domain 

10 Positions 86-90 in Figure 3 

and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 5S rRNA, 
and a mixture of such probes. 

'IS 

10. Peptide nucleic acid probe according to any one of claims 1 to 8 for detecting a target 
sequence of 23S or 16S rRNA of one or more mycobacteria of the Mycobacterium 
tuberculosis Complex (MTC) optionally present in a sample, which probe comprises from 10 to 
30 polymerised moieties of formula (I) as defined in claim 6, 

20 

with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
nucleobase of M. tuberculosis 23S or 16 S rRNA differing from the corresponding nucleobase 
of at least M. avium located within the following domains 

26 

Positions 149-158 in Figure 1A, 

Positions 328-361 in Figure 1Aand Figure 1B, 

Positions 490-501 in Figure 1B, 

Positions 637-660 in Figure 1C, 
30 Positions 762-789 in Figure 1D, 

Positions 1068-1072 in Figure ID. 

Positions 1311-1329 in Figure IE, 
' Positions 1361-1364 in Figure 1F, 

Positions 1 563-1 570 in Figure 1 F, 
35 Positions 1627-1638 in Figure 1G, 

Positions 1734-1740 in Figure 1H, 

Positions 2457-2488 in Figure 11, 

Positions 2952-2956. in Figure 11, 
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Positions 3097-3106 in Figure 1J, 
Positions 135-136 in Figure 2 A. or 
Positions 1287-1292 in Figure 2D, 



6 and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 23S or 16S rRNA, 
and a mixture of such probes. 



1 1 . Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
1 0 sequence of 23S rRNA of one or more mycobacteria other than mycobacteria of the 

Mycobacterium tuberculosis Complex (MOTT) optionally present in a sample, which probe 
comprises from 10 to 30 polymerised moieties of formula (I) as defined In claim 6, 

with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
15 which a subsequence includes at least one nucleobase that is complementary to a 

nucleobase of M. avium 23S rRNA differing from the corresponding nucleobase of at least M. 
tuberculosis located within the following domains 



Positions 99-101 in Figure 4A, 
20 Position 183 in Figure 4A. 

Positions 261-271 in Figure 4A, 

Positions 281-284 in Figure 4B, 

Positions 290-293 in Figure 4B, 

Positions 327-335 in Figure 4B, 
25 Positions 343-357 in Figure 4B» 

Positions 400-405 in Figure 4B and Figure 4C. 

Positions 453-462 in Figure 4C, 

Positions 587-599 in Figure 4C. 

Positions 637-660 In Figure 4D, 
30 Positions 704-712 in Figure 4D, 

Positions 763-789 in Figure 4E, 

Positions 1060-1074 in Figure 4E, 

Positions 1177-1186 in Figure 4E, 

Positions 1259-1265 in Figure 4F, 
35 Positions 1311-1327 in Figure 4F, 

Positions 1346-1348 in Figure 4F, 

Positions 1361-1364 in Figure 4G, 
Positions 1556-1570, in Figure 4G, 
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Positions 1608-1613 in Figure 4H, 

Positions 1626-1638 In Figure 4H, 

Positions 1661-1 659 in Figure 4H, 

Positions 1675-1677 in Figure 4H, 
5 Positions 1734-1741 in Figure 4H, 

Positions 1847-1853 in Figure 41. 

Positions 1 967-1 976 in Figure 41 , 

Positions 2006-2010 In Figure 41. 

Positions 2026-2027 in Figure 41, 
10 Positions 2131-2132 in Figure 4J, 

Positions 2252-2255 in Figure 4J, 

Positions 2396-2405 in Figure 4J and Figure 4K, 

Positions 2416-2420 in Figure 4K, 

Positions 2474-2478 in Figure 4K, 
1 5 Position 2687 in Figure .4K, 

Position 2719 in Figure 4K, 

Position 2809 in Figure 4L, 

Positions 3062-2068 in Figure 4L, or 

Positions 3097-3106 in Figure 4L, 

20 

and further with the proviso that the probe connprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 23S rRNA, 
and a mixture of such probes. 



25 12. Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
sequence of 16S rRNA of one or more mycobacteria other than mycobacteria of the 
Mycobacterium tuberculosis Complex (MOTT) optionally present in a sample, which probe 
comprises from 10 to 30 polymerised moieties of fonnula (I) as defined in claim 6, 

30 with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
nucleobase of M. avium 16S rRNA differing from the corresponding nucleobase of at least M. 
tuberculosis located within the following domains- 



35 Positions 1 35-1 36 in Figure 5A. 
Positions 472-475 in Figure 5A, 
Positions 1136-1144 in Figure 5A. 
Positions 1287-1292. in Figure 5B, 
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Position 1313 in Figure 5B. or 
Position 1334 in Figure SB, 



and furtlier with the proviso that the probe comprising such subsequence is capable of forming 
5 detectable hybrids with a target sequence of said mycobacterial 16S rRNA, 
and a mixture of such probes. 

1 3. Peptide nucleic acid probe according to any one of claims 1 to 6, 1 1 and 12 for detecting a 
target sequence of 23S or 16S rRNA of one or more mycobacteria other than mycobacteria of 
10 the Mycobacterium tuberculosis Complex (MOTT) optionally present in a sample, which probe 
comprises from 10 to 30 polymerised moieties of formula (I) as defined in claim 6, 

with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
15 nucleobase of M. avium 23S or 16S rRNA differing from the corresponding nucleobase of at 
least M. tuberculosis located within the following domains 



Positions 99-101 in Figure 4A, 

Positions 290-293 in Figure 4B, 
20 Positions 400-406 in Figure 4B and Figure 4C, 

Positions 453-462 in Figure 4C, 

Positions 637-660 in Figure 4D, 

Positions 763-789 in Figure 4E. 

Positions 1311-1327 in Figure 4F, 
25 Positions 1 361 -1 364 in Figure 4G. 

Positions 1734-1741 in Figure 4H. 

Positions 2025-2027 In Figure 41, 

Positions 2474-2478 in Figure 4K, 

Positions 3062-2068 in Figure 4L, or 
30 Positions 1287-1292 in Figure 5B, 



and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with a target sequence of said mycobacterial 23S or 16S rRNA, 
and a mixture of such probes. 

14. Peptide nucleic acid probe according to any one of claims 1 to 6 for detecting a target 
sequence of 23S, 16S or 5S rRNA of one or more mycobacteria of the Mycobacterium 
tuberculosis Complex (MTC) or for detecting a target sequence of 23S, 16S or 5S rRNA of 
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one or more mycobacteria other than mycobacteria of the Mycobacterium tuberculosis 
Complex (MOTT) optionally present in a sample, which probe comprises from 10 to 30 
polymerised moieties of formula (I) as defined in claim 6, 

6 with the proviso that the Qs of adjacent moieties are selected so as to form a sequence of 
which a subsequence includes at least one nucleobase that is complementary to a 
nucleobase that differs from the corresponding nucleobase of 23S, 16S or 6S rRNA of said 
one or more mycobacteria located within the following domains 

10 positions 2568-2569 in Figure 6, 

Position 462 in Figure 7, / 
Positions 473-477 in Figure 7, or 
Positions 865-866 in Figure 7, 

16 ' 

and further with the proviso that the probe comprising such subsequence is capable of forming 
detectable hybrids with the target sequence of said mycobacterial 23S» 16S or 5S rRNA, 
and a mixture of such probes. 

20 15. Peptide nucleic acid probe according to any one of claims 1 to 14 of formula (II), (III), or 



(IV) 



Q 



25 




(II) 



Q 



30 




35 




(IV) 



Wherein Z, R^, R^, and R"^. and Q is as defined in claim 6 with the provisos defined in claims 6 
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to 14, 

and a mixture of such probes. 



16. Peptide nucleic acid probe according to any one of claims 1 to 15, wherein Z is NH, NCH3 
5 or each R^. and R"* independently designate H or the side chain of a naturally occurring 

amino acid, the side chain of a non-naturally occurring amino acid, or C^^ all<yl, and each Q is 
a naturally occurring nucleobase or a non-natura!ly occurring nucleobase with the provisos 
defined In claims 6 to 14, 
and a mixture of such probes. 

10 

17. Peptide nucleic acid probe according to any one of claims 1 to 16, wherein Z is NH or O, 
and is H or the side chain of Ala, Asp, Cys, Glu, His. HomoCys, Lys, Orn, Ser or Thr, and 
Q is a nucleobase selected from thymine, adenine, cytosine, guanine, uracil, iso-C and 2,6- 
diaminopurlne with the provisos defined in claims 6 to 14, 

15 • and a mixture of such probes. . 

18. Peptide nucleic acid probe according to any one of claims 1 to 17 of formula (V) 



Q 




wherein R'* is H or the side chain of Ala, Asp, Cys, Glu, His, HomoCys, Lys, Orn, Ser or Thr, 
and Q is as defined in claim 17 with the provisos defined in claims 6 to 14, 
25 and a mixture of such probes. 

19. Peptide nucleic acid probe according to any one of claims 1 to 18 further comprising one 
or more labels and a mixture of such probes, which labels may be mutually identical or 
different, which probes optionally may comprise one or more linkers, and which probes may 

30 be mutually identical or different with the provisos defined in claims 6 to 14. 

20. Peptide nucleic acid probe according to any one of claims 1 to 19 for detecting a target 
sequence of one or more mycobacteria, the nucleobase sequence of said probe being 
substantially complementary to the nucleobase sequence of said target sequence. 

36 

21 . Peptide nucleic acid probe according to any one of claims 1 to 20 for detecting a target 
sequence of one or more mycobacteria, the nucleobase sequence of said probe being 
complementary to the nucleobase sequence of said target sequence. 
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22. Peptide nucleic acid probes according to any one of claims 1 to 21 . wherein the Qs of 
adjacent moieties are selected so as to form the following subsequences 

5 AGA TGC GGG TAG CAC (selected from positions 149-168 In Figure 1 A), (Seq ID no 1) 

TGT TTT CTC CTC CTA (selected from positions 220-221 In Figure 1 A), (Seq ID no 2) 
ACT GCC TCT GAG CCG (selected from positions 328-361 in 

Figure 1A and Figure IB). (S^q ID 3) 

TGA TAG TAG GCA GGT (selected from positions 453-455 in Figure 1 B), (Seq ID no 4) 

10 GGG ATT CAC AGC GGA (selected from positions 490-501 in Figure 1 B), (Seq ID no 5) 

TGA CCA CCC TCC TCC (selected from positions 637-660 In Figure 1C), (Seq ID no 6) 

TTA ACC TTG CGA CAT (selected from positions 706-712 in Figure 1C), (Seq ID no 7) 

ACT ATT CAC ACG CGC (selected from positions 762-789 in Figute ID), (Seq ID no 8) 

CTC CGC GGT GAA CCA (selected from position 989 in Figure ID), (Seq ID no 9) 

16 GCT TTA CAC CAC GGC (selected from positions 1068-1072 in Figure 1 D). (Seq ID no 10) 

ACG err GGG GGC CTT (selected from position 1 148 in Figure IE). (Seq ID no 1 1) 

CCA CAC CCA CCA CAA (selected from positions 1311-1329 In Figure 1 E), (Seq ID no 12) 

CCG GTG GCT TCG CTG (selected from positions 136M 364 in Figure 1F), (Seq ID no 13) 

ACT TGC CTT GTC GCT (selected from position 1418 in Figure IF). (Seq ID no 14) 

20 GAT TCG TCA CGG GCG (selected from positions 1663-1570 in Figure 1 F). (Seq ID no 15) 

AAC TCC ACA CCC CCG (selected from positions 1627-1638 in Figure 1 G), (Seq ID no 16) 

ACT CCA CAC CCC CGA (selected from positions 1627-1638 in Figure 1G), (Seq ID no 17) 

ACC CCT TCG CTT GAC (selected from positions 1675-1677 in Figure 1G), (Seq ID no 18) 

CTT GCC CCA GTG TTA (selected from position 1718 in Figure 1G). (Seq ID no 19) 

25 CTC TCC CTA CCG GCT (selected from positions 1 734-1 740 in Figure 1 H). (Seq ID no 20) 

GAT ATT CCG GTC CCC (selected from positions 1967-1976 in Figure 1H). (Seq ID no 21) 

ACT CCG CCC CAA CTG (selected from positions 2403-2420 in Figure 1 H). (Seq ID no 22) 

CTG TCC CTA AAC CCG (selected from positions 2457-2488 in Figure 1 1), (Seq ID no 23) 

TTC GAG GTT AGA TGC (selected from positions 2457-2488 in Figure 1 1), (Seq ID no 24) 

30 GTC CCT AAA CCC GAT (selected from positions 2457-2488 in Figure 1 !). (Seq ID no 26) 

GGT GCA CCA GAG GTT (selected from positions 2952-2956 in Figure 1 1). (Seq ID no 26) 

CTG GCG GGA CAA CTG (selected from positions 2966-2969 in Figure 1J), (Seq ID no 27) 

TTA TCC TGA CCG AAC (selected from positions 3000-3003 in Figure 1J), (Seq ID no 28) 

GAC CTA TTG AAC CCG {selected from positions 3097-3106 in Figure 1J), (Seq ID no 29) 

35 

GAA GAG ACC TTT. CCG (selected from positions 76-79 in Figure 2A), (Seq ID no 30) 

CAC TCG AGT ATC TCC (selected from positions 98-101 in Figure 2A). ($eq ID no 31) 

ATC ACC CAC GTG TTA (selected from positions 136-^136 in Figure 2A), (Seq ID no 32) 

GCA TCC CGT GGT CCT (selected from positions 194-201 in Figure 2B), (Seq ID no 33) 

40 CAC AAG ACA TGC ATC (selected from positions 194-201 in Figure 2B). (Seq ID no 34) 

TAA AGC GCT TTC CAC (selected from positions 222-229 in Figure 2B), (Seq ID no 35) 

GCT CAT CCC ACA CCG (selected from position 242 in Figure 2B), (Seq ID no 36) 
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CCG AGA GAA CCC GGA (selected from position 474 in Figure 20). (Seq ID no 37) 

AGT CCC GAG CAT TAG (selected from positions 1136''1146 in Figure 2C), (Seq ID no 38) 

AAC CTC GCG GGA TCG (selected from positions 1271-1272 In Figure 20), (Seq ID no 39) 

GGC TTT TAA GGA TTC (selected from positions 1287-1292 in Figure 2D), (Seq ID no 40) 

GAG CCC GAT CCG AAC (selected from position 1313 in Figure 2D), (Seq ID no 41) 

CCG ACT TCA CGG GGT (selected from position 1334 in Figure 2D), (Seq ID no 42) 

GGG AGG GGC AGT ATC (selected from positions 86-90 in Figure 3), (Seq ID no 43) 

GAT CAA TGC TCG GTT (selected from positions 99-1 01 in Figure 4A), (Seq ID no 44) 

TTC CCC GCG TTA CCT (selected from position 183 In Figure 4A), (Seq ID no 45) 

TTA GCC TGT TCC GGT (selected from positions 261-271 In Figure 4A), (Seq ID no 46) 

GCA TGC GGT TTA GCC (selected from positions 281-284 in Figure 4B), (Seq ID no 47) 

TAG CCG GTT GTC CAT (selected from positions 290-293 in Figure 4B). (Seq ID no 48) 
GTA GAG CTG AGA CAT (selected from positions 327-335 and 

343-357 in Figure 4B), (Seq ID no 49) 
GCC GTC CCA GGC CAC (selected from positions 400-405 In 

Figure 4B and Figure 4C), (Seq ID no 60) 

CTC GGG TGT TGA TAT (selected from positions 453-462 In Figure 4C), (Seq ID no 51) 

ACT ATT TCA CTC CCT (selected from positions 587-599 in Figure 4C), (Seq ID no 52) 

ACG CCA TCA CCC CAC (selected from positions 637-660 in Figure 4D), (Seq ID no 53) 

CGA CGT GTC CCT GAC (selected from positions 704-712 in Figure 4D), (Seq ID no 54) 

ACT AC A CCC CAA AGG (selected from positions 763789 in Figure 4E), (Seq ID no 55) 

CAC GCT TTT ACA CCA (selected from positions 1060-1074 in Figure 4E), (Seq ID no 66) 

GCG ACT ACA CAT CCT (selected from positions 1 1 77-1 1 85 in Figure 4E), (Seq ID no 67) 

CGG CGC ATA ATC ACT (selected from positions 1269-1265 In Figure 4F), (Seq ID no 56) 

CCA CAT CCA CCG TAA (selected from positions 131 1-1327 in Figure 4F), (Seq ID no 69) 

CGC TGA ATG GGG GAC (selected from positions 1346-1348 in Figure 4F), (Seq ID no 60) 

GGA GCT TCG CTG AAT (selected from positions 1361-1364 in Figure 4G), (Seq ID no 61) 

CGG TCA CCC GGA GCT (selected from positions 1361-1364 in Figure 4G), (Seq ID no 62) 

GGA CGC CCA TAC ACG (selected from positions 1 556-1 670 in Figure 4G), (Seq ID no 63) 

GAA GGG GAA TGG TCG (selected from positions 1608-1613 in Figure 4H), (Seq ID no 64) 

AAT CGC CAC GCC CCC (selected from positions 1626-1638 in Figure 4H), (Seq ID no 65) 

CAG CGA AGG TCC CAC (selected from positions 1651-1 659 in Figure 4H), (Seq ID no 66) 

GTC ACC CCA TTG CTT (selected from positions 1675-1677 in Figure 41-1), (Seq ID no 67) 

ATC GCT CTC TAC GGG (selected from positions 1734-1741 in Figure 4H), (Seq ID no 68) 

GTG TAT GTG CTC GCT (selected from positions 1847-1853 in Figure-41), (Seq ID no 69) 

ACG GTA TTC CGG GCC (selected from positions 1967-1 976 in Figure 41), (Seq ID no 70) 

GGC CGA ATC CCG CTC (selected from positions 2006-2010 in Figure 41), (Seq ID no 71) 

AAA CAG TCG CTA CCC (selected from positions 2025-2027 in Figure 41), (Seq ID no 72) 

CCT TAC GGG TTA ACG (selected from positions 2131-2132 in Figure 4J). (Seq ID no 73) 

GAG ACA GTT GGG AAG (selected from positions 2252-2255 In Figure 4J), (Seq ID no 74) 
TGG CGT CTG TGC TTC (selected from positions 2396-2405 in 
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Figure 4J and Figure 4K). (Seq ID no 75) 

CGA CTC CAC ACA AAC (selected from positions 241 6-2420 in Figure 4K), (Seq ID no 76) 

GAT AAG GGT TCG ACG (selected from positions 2474-2478 in Figure 4K), (Seq ID no 77) 

ATC CGT TGA GTG ACA (selected from position 2687 in Figure 4K), {Seq ID no 78) 

CAG CCC GTT ATC CCC (selected from position 2719 in Figure 4K), (Seq ID no 79) 

AAC CTT TGG GAG CTG (selected from position 2809 In Figure 4L), (Seq ID no 80) 

TAA AAG GGT GAG AAA (selected from positions 3062-3068 in Figure (Seq ID no 81) 

GTC TGG CCT ATC AAT (selected from positions 3097-3106 In Figure 4L), (Seq ID no 82) 

AGA TTG CCC ACG TGT (selected from positions 135-136 in Figure 5A), (Seq ID no 83) 

AAT CCG AGA AAA CCC (selected from positions 472-475 in Figure 6A), (Seq ID no 84) 

6CA TTA CCC GCT GGC (selected from positions 1 136-1 144 in Figure SB). (Seq ID no 85) 

TTA AAA GGA TTC GCT (selected from positions 1287-1292 in Figure 5B), (Seq ID no 86) 

AGA CCC CAA TCC GAA (selected from position 1313 in Figure 58), (Seq ID no 87) 

GAC TCC GAC TTC ATG (selected from position 1334 in Figure 58). (Seq ID no 88) 

GTC TTT TCG TCC TGC (selected from positions 2568-2669 in Figure 6). (Seq ID no 89) 

GTC TTA TCG TCC TGC (selected from positions 2668 in Figure 6). (Seq ID no 90) 

GTC TTC TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 91) 

GTC TTG TCG TCC TGC (selected from positions 2568 in Figure 6). (Seq ID no 92) 

GTC TAT TCG TCC TGC (selected from positions 2668 in Figure 6). (Seq ID no 93) 

GTC TCT TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 94) 

GTC TGT TCG TCC TGC (selected from positions 2568 in Figure 6), (Seq ID no 95) 

TTG GCC GGT GCT TCT (selected from positions 452 in Figure 7), (Seq ID no 96) 

TTG GCC GGT ACT TCT (selected from positions 452 in Figure 7), (Seq ID no 97) 

TTG GCC GGT CCT TCT (selected from positions 452 in Figure 7). (Seq ID no 98) 

TTG GCC GGT TCT TCT (selected from positions 452 in Figure 7). (Seq ID no 99) 

ACC GCG GCT GCT GGC (selected from positions 473-477 in Figure 7), (Seq ID no 100) 

ACC GCG GCT ACT GGC (selected from positions 473 in Figure 7), (Seq ID no 101) 

ACC GCG GCT CCT GGC (selected from positions 473 in Figure 7), or (Seq iD no 102) 

ACC GCG GCT TCT GGC (selected from positions 473 in Figure 7), (Seq ID no 103) 

CGG CAG CTG GCA CGT (selected from positions 474 in Figure 7), (Seq ID no 104) 

CGG CCG CTG GCA CGT (selected from positions 474 in Figure 7), (Seq ID no 106) 

CGG CTG CTG GCA CGT (selected from positions 474 in Figure 7), (Seq ID no 106) 

CGT ATT ACC GCA GCT (selected from positions 477 in Figure 7), (Seq ID no 107) 

CGT ATT ACC GCC GCT (selected from positions-477 in Figure 7), (Seq ID no 107) 

CGT ATT ACC GCT GCT (selected from positions 477 in Figure 7), (Seq ID no 109) 

TTC CTT TGA GTT TTA (selected from positions 865-866 in Figure 7), (Seq ID no 1 10) 

TTC CTT TAA GTT TTA (selected from positions 865 in Figure 7). (Seq ID no 1 11) 

TTC CTT TCA GTT TTA (selected from positions 866 in Figure 7), (Seq ID no 1 1 2) 

TTC CTT TTA GTT TTA (selected from positions 865 in Figure 7). (Seq ID no 1 13) 

TTC CTT AGA GTT TTA (selected from positions 866 in Figure 7). (Seq ID no 1 14) 
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TTC CTT CGA GTT TTA (selected from positions 866 in Figure 7), (Seq ID no 115) 

TTC CTT GGA GTT TTA (selected from positions 866 in Figure 7), (Seq ID no 116) 

CAT GTG TCC TGT GGT (Seq ID no 1 1 7) 

CGT CAG CCC GAG AAA (Seq ID no 118) 

GAG TAG ACA CGC TCG (Seq ID no 1 1 9) 

TGG CGT TGA GGT TTC and (Seq ID no 120) 

AAC ACT CCC TTT GGA (Seq id no 123) 

and a mixture of such probes. 

23. Peptide nucleic acid probes accoreting to clainn 22, wherein the Qs of adjacent moieties 
are selected so as to form the following subsequences 

TCA CCA CCC TCC TCC (Seq ID no 6) 

15 CCA CCC TCC TCC (modified Seq ID no 6) 

ACTATTCACACGCGC (Seq ID no 8) 

CCA CAC CCA CCA CAA (Seq ID no 12) 

AAC TCC ACA CCC CCG {Seq ID no 16) 

ACT CCA CAC CCC CGA (Seq ID no 17) 

20 ACT CCG CCC CAA CTG (Seq ID no 22) 

CTGTCCCTAAACCCG (Seq ID no 23) 

TTC GAG GTT AGA TGC (Seq ID no 24) 

GTCCCTAAACCCGAT (Seq ID no 26) 

GAC CTA TTG AAC CCG (Seq ID no 29) 

25 

GGA TCC CGT GGT CCT (Seq ID no 33) 

CAC AAG ACA TGC ATC (Seq ID no 34) 

GGC TTT TAA GGA TTC (Seq ID no 40) 

30 GAT CAA TGC TCG GTT (Seq ID no 44) 

CGA CTC CAC ACA AAC (Seq ID no 76) 

GCATTACCCGCTGGC (Seq ID no 85) 

35 GTC TTA TCG TCC TGC (Seq ID no 90) 

GTC TTC TCG TCC TGC * (Seq ID no 91) 

GTC TTG TCG TCC TGC (Seq ID no 92) 

GTC TAT TCG TCC TGC (Seq ID no 93) 

GTC TCT TCG TCC TGC (Seq ID no 94) 

40 GTC TGT TCG TCC TGC (Seq ID no 96) 



AAC ACT CCC TTT GGA 



(Seq ID no 123) 
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CAT GTG TCC TGT GGT 
CGT GAG CCC GAG AAA 



(Seq!Dno117) 
(SeqlDno118) 



5 CACTACACACGCTCG, 
TGG CGTTGA GGT TIC 



(Seq ID no 119) 
(SeqlDno120) 



and a mixture of such probes. 



10 24. Peptide nucleic acid probes according to claim 22 or 23 selected from 



Lys(Flu)-Lys(nu)-TCA CCA CCC TCC TCC-NHg 
Lys(Flu)-Lys(Flu)-CCA CCC TCC TCC-NHa 
Lys(Flu)-Lys(Flu)-ACT ATT CAC ACQ CGG-NH2 

15 Lys{Flu)-ACT ATT CAC ACG CGC-NH2 

Ly$(Flu)-Lys(Flu)-CCA CAC CCA CCA CAA-NH^ 
Lys(Flu)-Lys(Ru)-AAC TCC ACA CCC CCG-NHg 
Lys(Flu)-Lys(Flu)-ACT CCA CAC CCC CGA-NH2 
Lys(Flu)-Lys(Ffu)-ACT CCG CCC CAA CTG-NHa 

20 Lys(Flu)-Lys{Flu)-CTG TCC CTA AAC CCG-NH^ 
Lys(Flu)-Lys(Flu)-TTC GAG GTT AGA TGC-NH2 
Lys(Flu)-TTC GAG GTT AGA TGC-NHj 
Lys(Flu)-Lys(Flu)-GTC CCT AAA CCC GAT-NH^ 
Lys(Flu)-GTC CCT AAA CCC GAT-NH^ 

25 Lys(Flu)-GAC CTA TTG AAC CCG-NH^ 



(OK 446/modified Seq ID no 6) 
(OK 676/modified Seq ID no 6) 
(OK 447/modified Seq ID no 8) 
(OK 688/modified Seq ID no 8) 
(OK 448/niodified Seq ID no 12) 
(OK 449/modifled Seq ID no 16) 
(OK 309/modified Seq ID no 17) 
(OK 450/modified Seq ID no 22) 
(OK 305/modified Seq ID no 23) 
(OK 306/modified Seq ID no 24) 
(OK 682/modified Seq ID no 24) 
(OK 307/niodified Seq ID no 25) 
(OK 654/modified Seq ID no 25) 
(OK 660/nnodified Seq ID no 29) 



30 



Lys(Fiu)-Lys(Flu)-Gly-GCA TCC CGT GGT CCT-NH2 
Lys(Flu)-Lys{Flu)-CAC AAG ACATGC ATC-NH2 
Lys(Flu)-CAC AAG ACA TGC ATC-NHa 
Lys(Flu)-GGC TTT TAA GGA TTC-NH2 
Lys(Rho)-GGC TTT TAA GGA TTC-NH2 



(OK 223/modified Seq ID no 33) 
(OK 310/modified Seq ID no 34) 
(OK 655/modified Seq ID no 34) 
(OK 689/modified Seq ID no 40) 
(OK 702/modified Seq ID no 40) 



36 



Flu-p-Aia-p-Aia-GAT CAA TGC TCG GTT-NH2 
Flu-p-Ala-p-Ala-CGA CTC CAC ACA AAC-NH2 

Flu-p-Ala^p-Ala-GCA TTA CCC GCT GGC-NHa 



(OK 624/modified Seq ID no 44) 
(OK 612/modlfied Seq ID no 76) 

(OK 623ymodified Seq ID no 85) 



Lys(Flu)-GTC TTT TCG TCC TGC-NH2 
Ly5(Rho)-GTC TTA TCG TCC TGC-NH2 
40 Lys(Rho)-GTC TTC TCG TCC TGC-NH2 
Lys(Rho)-GTC TTG TCG TCC TGC-NH2 
Lys(Rho)-GTC TAT TCG TCC TGC-NHg 



(OK 


745/modified 


Seq 


ID 


no 89) 


(OK 


746/modified 


Seq 


ID 


no 90) 


(OK 


746/modified 


Seq 


ID 


no 91) 


(OK 


746/modifiGd 


Seq 


ID 


no 92) 


(OK 


747/modified 


Seq 


ID 


no 93) 
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Lys(Rho)-GTC TCTTCG TCC TGC-NH2 
Lys(Rho)'-GTC TGT TCG TCC TGC-NH2 



(OK 747/moclified Seq ID no 94) 
(OK 747/modifted Seq ID no 95) 



Lys(Fiu)-AAC ACT CCC TTT GGA-NH2 



(OK 749/modified Seq ID no 123) 



wherein Flu denotes a 6-(and 6)-carboxyfluoroesceln label and Rho denotes a rhodamine 
label, 

and a mixture of such probes. 

25. Use of a peptide nucleic acid probe according to any one of claims 1 to 24 or a mixture 
thereof for detecting a target sequence of one or more mycobacteria optionally present in a 
sample. 

26. Use of a peptide nucleic acid probe or a mixture thereof according to claim 25 for detecting 
a target sequence of one or more mycobacteria of the Mycobacterium tuberculosis Complex 
(MTC), in particular a target sequence of M. tuberculosis. 

27. Use of a peptide nucleic acid probe or a mixture thereof according to claims 26 for 
detecting a target sequence of one or more mycobacteria other than mycobacteria of the 
Mycobacterium tuberculosis Complex, in particular a target sequence of one or more 
mycobacteria of the Mycobacterium avium Complex. 

28. Method for detecting a target sequence of one or more mycobacteria optionally present in 
a sample comprising 

(1) contacting any rRNA or rONA present in said sample with one or more peptide 
nucleic acid probes according to any one of claims 1 to 24 or a mixture thereof under 
conditions, whereby hybridisation tai<es place between said protae(s) and said rRNA 
or rDNA, and 

(2) observing or measuring any formed detectable hybrids, and relating said 
observation or measurement to the presence of a target sequence of one or more 
mycobacteria in said sample. 

29. Method according to claim 28 for detecting a target sequence of one or more 
mycobacteria of the Mycobacterium tuberculosis Complex (MTC), In particular a target 
sequence of M. tuberculosis. 

30. Method according to claim 28 for detecting a target sequence of one or more 
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mycobacteria other than mycobacteria of the Mycobacterium tuberculosis Complex, 

31 . Method according to any one of claims 28 to 30, wherein the hybridisation takes place in 
situ. 

5 

32. Method according to any of of claims 28 to 30, wherein the hybridisation takes place in 
vitro. 

33. A method according to any one of claims 28 to 32, 

10 characterised in that a signal amplifying system is used for measuring tiie resulting 
hybridisation. 

34. Method according to any one of claims 28 to 33, wherein the sample is a sputum sample. 

15 35. Kit for detecting a target sequence of one or more mycobacteria, in particular a target 

sequence of one or more mycobacteria of the Mycobacterium tuberculosis Complex (MTC), in 
particular a target sequence of M. tuberculosis, and/or for detecting a target sequence of one 
or more mycobacteria other than mycobacteria of the Mycobacterium tuberculosis Complex 
(MOTT), in particular a target sequence of one or more mycobacteria of the Mycobacterium 

20 avium Complex, 

characterised in that said kit comprises at least one peptide nucleic acid probe 
according to any one of claims 1 to 24, and optionally a detection system with at least one 
detecting reagent. 



26 



36. Kit according to claim 35, 

characterised in that it further comprises a solid phase capture system. 
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432 GGGG7WlACCC:A@CACGAGT|a\gGTCGTGlfovCCC_ 

207 GGGGAAACCCAGCACGAGTgMGTCGTG I TACCCgL. 

150 GGGGAAACCCAGCACGAGTGATGTCGTG I taccc gcat ct M-kansasii 
2588 GGGGAAACCC§GCACGAGTGATGTCGTG&CC@G^CT M.smegmatis 



130 140 150 160 

^093 GGG^ACCCAGCACGAGTGA^ M. tuberculosis 

422 GGGGGAACCCAGCACGAGTGATGTCGTGfflTACCCGfljATCT M. avium 
422 GGGG S AACCCAGCACGAGTGATGTCGTG i{tACCCg|i|atCT M.paratuberc . 
507 GGGGjGjAACCCgGCACGAGTGATGTCGTGfrq^ M.phlei 



ITCT M. leprae 
VTCT H.gastri 



210 



220 



230 



240 



CATCTCAGTACCCGTAGG?|alAG7UU^ M-tuberculo 



1172 

501 CATCTCAGTACCCGTAGGAGli 

501 CATCTCAGTACCCGTAGGAG 

586 CATCTCAGTACCCGTAG^G 

511 CATCTCAGTACCCGTAGGAG 

286 CATCTCAGTACCCGTAGGAG 

22 9 CATCTCAGTACCCGTAGGAG 

2667 CATCTCAGT0CCCGTAGG: 



SIS 



\GAAAACAATTGTGATTCC M. avium 
\GAAAACAATTGTGATTCC M-paratuberc . 
IGAAAACAATTGTGATTCC M.phlei 
\GAAAACAATTGTGATTCC M- leprae 



.GAAAAC 
GAAAAC: 
GAGAAAAC: 




TGATTCC 
IGTGATTCC 
GTGATTCC 



M.gastri 

kansasii 
M-smegmatis 



330 



340 



350 



360 



1289 TG^GGGTh-pA^AlJGTCTckGC^^^^^ •hnh^r-r^m r^c.-i ^ 



617 
617 
703 
629 
404 
347 
2785 



TGTGGGA^GATATGTCTCAGCfflcTACcI 
TGTGGGAfTljGATATGTCTCAGCtljcTAC 
TGTGGGpCCTaT§TGTC0C, 



GCTGAG@-GG avium 
_ GC TGA Gg|-GG M.paratuberc , 

-r::,--!::^ ui- r I*^^ ?^i^*^<^GdGMjG S^G M-phlei 

TGTGGGArTG|G|TATGTCTCAyc5CTACC@GG@TGAGC^ M. leprae 
TGTGGGA rc GATaSgTCTCAGC T CTACCCGGCTGAG G-GG M.gastri 
TGTGGGATqGATACGTCTCAGCICTACCCGGCTGAGg-GG M. Icansasii 
TGTGGGAjC^Tgi^TcBc&yCTACClGGCTGBG^GG smegmatis 



Figure 1A 
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370 



380 



390 



400 



1327 s^gtcagaaagtgtcgtqgttagcggaagtggcctgggat m, 
656 Sagtcagaaj^gtgtcgtggttagcggaagtggcctgggaB M. 
656 lagtcagaaagtgtcgtggttagcggaagtggcctgggag m. 
742 I rgt|^a3aaag|cag'i|gtggttag|gi}gargtggcctgggat M, 
668 [gagtcagaaagtgycgtggttagcggaagtggcctgggat m. 
443 cagtcagaaagtgtcgtggttaEIcggaagtggcctgggat M. 

386 CAGTCAGAAAGTGTCGTGGTTAyCGGAAGTGGCCTGGGAT M. 
2823 CAGTiAGAAA@TGT:@GTGGTTAGCGGAA@TGGCgTGGGAT M. 



tuberculosis 
avium 

paratuberc- 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



450 



460 



470 



480 



735 
820 
747 
522 
465 



1406 CGGCACCTGCCORGn 

735 CGGCACCTGCCT^TATCAA|CA|CCCGAGTAGCAGCGGGCC M. 
CGGCACCTGCCTfrSTTATCAAOTCCCGAGTAGCAGCGGGCC M . 



\TCAATTCCCGAGTAGCAGCGGGCC M- tuberculosis 

. avium 

. paratube rc . 
.phlei 

, leprae 
.gastri 
. kansasii 

2902 CG@c||CTG|CTyG^TGG^TCCCGAGTAGCAGCGGGCC M.smegmatis 



flG |CTG| CCpGC frG^TCACAGG--[ a'CCCGAGTAGCAGCGGGCC M. 

gGGCACCTGCcitaGTATCAATTCCCGAGTAGCAGCGGGCC M. 

CGGCACCTGCCT T GTATCAATTCCCGAGTAGCAGCGGGCC M . 

CGGCACCTGCCTT GTATCAATTCCCGAGTAGCAGCGGGCC M . 



490 



500 



510 



520 



1446 CGTGGAAT ClCG9TGTGAATCCb cnGGGACCAnr:r:r;p;TAAR M, 

775 CGTGGAATCfflGCTGTGAATCfflGCCGGGACCACCCGGTAAG M . 

775 CGTGGAATCTGCTGTGAATCIGCCGGGACCACCCGGTAAG M. 

857 CGTGGAATCIGCTGTGAATCXGCCGGGACCACCCGGTAAG M. 

787 CGTGGAATCTGCTGTGAATCTGCCGGGACCACCCGGTAAG M. 

562 CGTGGAATCTGCTGTGAATCTGCCGGGACCACCCGGTAAG M, 

505 CGTGGAATCIGCTGTGAATCTGCCGGGACCACCCGGTAAG M. 

2942 CGTGGAATCIGCTGTGAATCTGCCGGGACCACCCGGTAAG M. 



tuberculosis 
avium 

paratuberc . 
phlei 
leprae 
gastri 
leans as ii 
smegmat is 



Figure 1B 
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610 



620 



630 



640 



1 5 66 GTACCTGAAACCGTaTacCTRCfiATCCGTCAGAGCc irCCT" M . tube rculo sis 
894 GTACCTGMACCGTGTGCCTACAATCCGTCAGAGCCTCCT M . avium 

GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCTCCT M.paratuberc . 
GTACCTGAAACCGTGTGCCTACAATCCGTCA^GCCB^T M - phie i 
GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCTCgT leprae 
GTACCTGAAACCGTGTGCCTACTVATCCGTCAGAGCCB^TT M. g ast ri 
GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCCTTT M.kansasii 
GTACCTGAAACCGTGgGCgTACAATCCGTCAGAGCC^jl^ M- smegmat is 



894 
976 
907 
682 
625 
3062 



650 



660 



670 



680 



1606 TTTCC^c^ccaGAa(:^7xa^^(m:^aT^^ M. tuberculosis 



934 
934 
1016 tirrl "- 
947 
722 
665 



T 
T 
C- 



3102 Kc^GTgI t}— 



"GIGGGGTGATGGCGTGCCTTTTGA M. avium 

-""-d^T<^SGGTGATGGCGTGCCTTTTGA M-paratUberc . 
- "-^iSg T G G GGTGATGGCGTGCCTTTTGA M . ph 1 e i 

HGTGGGGTGATGGCGTGCgTTTTGA M. leprae 

GIGGGGTGATGGCGTGCCTTTTGA M.gastri 

GTGG GGTGATGGCGTGCCTTTTGA M.kansasii 

, — — | G|T|G|qGGTGATGGCGTGCCTTTTGA M. smegmat is 



690 



700 



710 



720 



1646 AGAATGAGCCTGCGAGTCAGGGACT lTGTCGCA^ GGTTAAC M. 
4 AGAATGAGCCTGCGAGTCAGGGACATGTCGCAAGGTTAAC M. 

959 agaatgagcctgcgagtcagggacaSgtcgcSaggttaac H . 

AGAATGAGCCTGCGAGTCAGGGACA C GTCGC G AGGTTAAC M . 
AGAATGAGCCTGCGAGTCAGGGACAOGTCGC S AGGTTAAC M , 
1046 AGAATGAGCCTGCGAGTCAGGGACATGTCGCG AGGTTAAC M, 
972 AGAATGAGCCTGCGAGTCAGGGACATGTCGCG AGGTTAAC 

AGAATGAGCCTGCGAGTCAGGGACATGTCGC G AGGTTAAC M . 
AGAATGAGCCTGCGAGTCAGGGACATGTCGCG AGGTTAAC H . 
AGAATGAGCCTGCGAGTCAGGGACATGTCGCG AGGTTAAC H . 



23 
959 



747 
690 
3132 



tube rculosis 

bovis 

avium 

intracellulai: 

paratuberc. 

phlei 

leprae 

gastri 

kansasii 

smegmat is 



Figure 1C 
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770 



780 



790 



800 



1726 
84 

1039 

103 

1039 

1126 

1052 

827 

770 

3212 



CG ACCCA CACGCGCATACGCGCGTGTGAATRGTGGCGTGT M 
CAfl^cSc|ljT|f9G@GfaGT 



CG 
CG 
CG 



CGTAT — 
CGTAT 
CGTAT-H 



CArCCqCflTrGGSGlGT 
jcAbqc CTljljrG G qGfT GT 

CG|TAT§CpA^T GjrTGGqG TTG GTGT[ |aGTGG@GTGT M 

CGTAT — r ^ " 



AGTGGCGTGT M 
AGTGGCGTGT M 
AGTGGCGTGT M, 



CACGgG TGAG CGIGTGT [AGTGGCGTGT M 

CACGCGg^GCGIGTGT AGTGGCGTGT M 

C BCGCGC GAG CGpjGfl lGT AGTGGCGTGT M 

C pACACAjA js^ ^GTGTGb TG^- - [ aGTGG^GTGT M 



tuberculosis 

bovis 

avium 

intracellulai 

paratuberc . 

phlei 

leprae 

gastri 

Icansasii 

smegmatis 



970 980 990 1000 

1926 ATTTAGGTGCAGCGTTGCGTGGTTCACCg^GGAGGTAGAG M. tuberculosis 
1228 ATTTAGGTGCAGCGTTGCGTGGTTCACCHCGGAGGTAGAG M. avium 
1228 ATTTAGGTGCAGCGTTGCGTGGTTC ACCp CGGAGGTAGAG M. paratuberc . 
1322 ATTTAGGTGCAGCGT|GC@TG@TTC|tATCGGAGGTAGAG phlei 
1244 ATTTAGGTGCAGCGTTGCGTGGTTCACChCGGAGGTAGAG M. leprae 
1019 ATTTAGGTGCAGCGTTGCGTg6]tTCACCACGGAGGTAGAG M. gastri 
962 ATTTAGGTGCAGCGTTGCGTG I TTC ACc| fiCGGAGGTAGAG M.kansasii 
3408 ATTTAGGTGCAGCGT^GC^TGIi TTC ^TGC CGGAGGTAGAG H. smegmatis 



1050 



1060 



1070 



1080 



2005 
1307 
1307 
1401 
1323 
1098 
1041 
3486 



CAGCCAAACTCCGAATGCCG-TGGTG" iTA-AA| ?CGTGGCA M- 
CAGCCAAACTCCGAATGCCG- TGGTG- TA0AAGCGTGGCA M . 
CAGCCAAACTCCGAATGCCG- T GGTG " TAp AAGCGTGGCA M. 
CAGCCAAACTCCGAATGCCG@T^^--T&RAAG@GTGGCA M. 
CAGCCAAACTCCG7\ATGCCG- TGGT[r|- TAh AAGCGTGGCA M . 



tuberculosis 
avium 

paratuberc . 
phlei 
leprae 
GCGTGGCA M.gastri 
GCGTGGCA M. Icansasii 

CAGCCAAACTCCGAATGCCGgT^^GgA^^G@G§GGgA M- smegmatis 



CAGCCAAACTCCGAATGCCG-TGGTG-TAIA- 
CAGCCAAACTCCG7VATGCCG-TGGTG-TA1A- 



Figure 1D 
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1130 



1140 



1150 



1160 



2082 ackgcccmatcgccggctaaggcccclcjlagcgtgtgcta m. 
13 85 acagcccagatcgccggctaaggccccHaagcgtgtgcta M. 

13 85 ACAGCCCAGATCGCCGGCTAAGGCCCC I AAGCGTGTGCTA M . 
1479 ACAGCCCAGATCGCCGGCTAAGGCCCCIAAGCGTGTGCTA M. 
1401 ACAGCCCAGATCGCCGGCTAAGGCCCCIAAGCGTGTGCTA M. 
1175 ACAGCCCAGATCGCCGGCTAAGGCCCCRAAGCGTGTGCTA M. 
1118 ACAGCCCAGATCGCCGGCTAAGGCCCCJ^AAGCGTGTGCTA 
35 66 ACAGCCCAGATCGCCGG@TAAGGCCCC[^GCGT@TG@TA M. 



tuberculosis 
avium 

paratuberc . 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



1290 



1300 



1310 



1320 



2241 
1544 
1544 
1638 
1560 
1334 
1277 
3726 



2280 
1583 
1583 
1676 
1600 
1367 
1310 
3764 



CTCAAGCACACCGCCGAAGCCGCGGCACA'i lyACCTTGT^ 




CTCAAGCACACCGCCGAAGCCGCGGCACAT T CA 1 CTT 
CTCAAGCACACCGCCGAAGCCGCGGCACATfl CA 1 CTT 
CTCAAGCAGACCGCCGAAGCCGCGGCA h-AT : CAglcgT 

ctcaagcacaccgccgaagccgcggcacatmcacctt 
ctcaagcacaccgccgaagccgcgi 
ctcaagcacaccgccgaagccgcgI 

gxCAAGCACACCGCCGAAGCCGCGG 



RQC2C — A 
IaCCGC — A 
— C^A^cbllWs 



tuberculosis 
avium 

paratube rc . 
|TlG| M. phlei 
leprae 
gastri 
kansasii 
smegmatis 



1330 



1340 



1350 



1360 



-ggtgggtgI tgggtaggggagcgtccctcattcagcgaag m, 

dGGTGG|A[TGTGGGTAGGGGAGCGTCCC0CATTCAGCGAAG M. 
C GGTGGyTGTGGGTAGGGGAGCGTCCqc CATTCAGCGAAG M . 
I GG^GGTGTGGGTAGGGGAGCGTCCj^CAT§C§G@GAAG M . 
G GGTGG^TGTGGGTAGGGGAGCGTgcCTC ATTCAGCGAAG M . 

Pi GG-ri" - — Itgggtaggggagcgtccctcattcagcgaag m . 

r |gGt| TGGGTAGGGGAGCGTCC CTCA TTCAGCGAAG M. 

rT i TGGGTAGGGGAGCGTCC friG^ li^l^^ M. 



tuberculosis 
avium 

paratube rc , 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



Figure 1E 
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1370 



1380 



1390 



1400 



2319 
1623 
1623 
1716 
1640 
1402 
1345 
3796 



pGGGTGACCGGTGGTGGAGGGTGGGGGAGTGAGAAT M . tube rcul o s i 3 
C|r-pCGGGTGACCGGTGGTGGAGGGTGG6GGAGTGAGAAT M. avium 
OT-CCGGGTGaHcGGTGGTGGAGGGTGGGGGAGTGAGAAT M.paratuberc . 

CCG@GTGAyCGGTGGTGGAGGGTG@GGGAGTGAGAAT M . phle i 
CCTCCGGGT§ACCGGTGGTGGAGGGTGGGG@AGTGAGAAT M. leprae 
CqGCCGGGTGACCGGTGGTGGAGGE^ M. gastri 

OTGCCGGGTGACCGGTGGTGGAGGyTGGGGGAGTGAGAAT M. fcans^sii 
CCyCCG@GT^^GTGGTGGAGGGTG@GGGAGTGAGAAT M . smegmat i s 



1410 1420 1430 1440 

2359 GCAGGCATGAGTAGCG;ilS|^f^GCAAGTGAGAACCTTGCCC M. tuberculosis 
1 662 GCAGGCATGAGTAGCG^^AAGGCAAGTGAGTUVCCTTGCCC M . avium 
1662 GCAGGCATGAGTAGCGATAAGGCAAGTGAGAACCTTGCCC M- paratuberc . 
1756 GCAGGCATGAGTAGCGAIAAGGCAAGTGAGAACCTTgcCC M.phlei 
1680 GCAGGCATGAGTAGCGATAAGGCAAGTGAGAACCTTGCCC M. leprae 
1442 GCAGGCATGAGTAGCGAXAAGGCAAGTGAGAACCTTGCCC M. gastri 
1385 GCAGGCATGAGTAGCGAIjAAGGCAAGTGAGAACCTTGCCC M.kansasii 
3836 GCAGGCATGAGTAGCGAg^GGCAAGTGAGAACCTTgcCC M.smegmatis 



1570 1580 1590 1600 

2519 c accCGTGA^ AATCA-GCGGTACTAAcnAnnrRaaanr;^ m. tuberculosis 
1821 CGTCCCTGATGAATCA-GCGGTACTAACCACCCAA7VACCG avium 
1821 CG T CC C TGA I GAATC A-GCGGT ACTAACCACCCAAAACCG M. paratuberc . 
1915 CGyccgrGAIGAATC^CMT^TgCTAACCACCCAAAACCg M.phlei 
1840 CGCCCGTGATGAATCA-GCGGTACTgACCACCCAAAACCG M. leprae 
1602 CGCGCGTGATGAATCA-GCGGTACTAACCACCCAAAACCG M. gastri 
1545 CGCCCGTGAIGAATCA-GCGGTACTAACCACCCAAAACCG M.kansasii 
3996 CG@CCgTGAyGAATCA~GCGGTACTAACCA@CCAAAACC§ M. smegmat is 
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4035 



1610 1620 1630 1640 

GAT" CGATCAC" TCCCCTTCGGGGG -lTGTGGAGTTC 



:a t -tccccttcggggg C" gtgg 
oa t - tccccttcggggg gtgg 



GAT-CG? 
GAT"CG^ _ 

G^-CGATCr-A|TCCQTTCGGGC ^ 
GAT" CGAgCA^^CCCCTTCGGGGC 
GAT-CGATCAC-TCCCCTTCGGGGGlA- 
GAT-CGATCAC-TCCCCTTCGGGGGC- 



KCCGTj GAHclGlC^c F^ 'rCGGGGg^TGTGGgGTT^TG M. 




rTG|AC}G|S|TfrGH 
JtGGAi 
GTGGAC 
GTGGAG 




G M 

hbGG M 

hlctGG M 

G M 

G M 

[TC-TGG M 

TC-TGG M 
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kansasii 
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1660 



1670 
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2594 
1896 
1896 
1986 
1917 
1677 
1620 
4071 



2634 
1936 
1936 
2025 
1957 
1717 
1660 
4111 



ggctgcgtgggaacttcgctggtagtagtcaagcgl 
ggctgcgtgggaScttcgctggtagtagtcaagcP 
ggctgcgtggga c c ttc gctggtagtagtcaagc ^ 

GGCTGCGTGGGAgC^G^GraGGTAGTAGTCTWVGCG? 
GGCTGCGTGGGAACTTCGjljTGGTAGTAGTCAAGCGJ 
GGCTGCGTGGlAGClCTTCGCTGGTAGTAGTCAAGCG? 
ggctgcgtggKgc CTTCGCTGGTAGTAGTCAAGCG? 
GGCTGC§TGGGAyCTTCG@TG6TAGTAGTCAAGCGJ 



1690 



1700 



1710 



GG M 
GGG M 
GGG M 
GGG M 

GG M 
GGG M 
GGG M 
GGG M 



- gtgacgcaggaaggtagccgtaccagtcagtggtajff 

- gtgacgcaggaaggBagccgtaccagtcagtggtjuS 
-gtgacgcaggtuvgglgrgccgtaccagtcagtggtaaf 
-gtgacgcaggaaggtagccgtaccagtcagtggtaat 

- gtgacgcaggaaggtagccgtaccagtcagtggtaa[ 
-gtgacgcaggaaggjaagccgtaccagtcagtggtaal 

- gtg acgcaggaaggqagccgtaccagtc agtggtaaf 

- GTGACGCAGGAAGGTAGCCGTACcgGTC AGTGGTAa[ 



1720 

- M 
M 

" M 
M 

- M 
M 
M 
M 
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, phlei 
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1730 



1740 



1750 



1760 



2672 -CTGGGGCAAGCC 
1974 "CTGGGGCAAGCC 
1974 -CTGGGGCAAGCC 
2063 -C@GGGGgRA@CC 
1995 -CTGG@GCAAGCC 
1755 "CTGGGGCAAGG^ 
1698 "CTGGGGCTVRGCq 
4149 -cgGG@G@a?lGO 



"IgTAgF^GAGCGATAGGCMATCCGT M . av i urn 
IgTAgI — kGRGCGATAGGCAAATCCGT M.paratuberc . 
5TAGG^GAGgGATAGGC7VA?VTCCGT M.phlei 
JTAGGGAGAGCGATAGGCAAATCCGT M. leprae 
5TAGGGAGAGCGATAGGCAAATCCGT M.gastri 
JTAGGGAGAGCGATAGGCAAATCCGT M.kansasii 
5TAGGGAGg^GATAGG@AAATCCGT M. smegmat is 



1970 



1980 



1990 



2000 



2908 AGGGG( 3ACCGGAATATl ::GTGAAnACnCTTan(:;r^Taf:^f:tai^r! tuberculosis 
2208 AGGGGGBcCGGAATaBcGTGAACACCCTTGCGGTGGGAGC M. avium 
2208 AGGGGGlqCC GGAAT AdcGTGAACACCCTTGCGGTGGGAGC M. paratuberc . 
2298 AGGGGGACC |CACG| TaHcGTGa P^ cHcTTGCGG|^GG|^6C M.phlei 
2231 AGGGGGgcCGGAATATCGTGAACACCCTTGCGGTGGGAGC M. leprae 
1910 M-gastri 
1934 AGGGGGACCGGAATA0CGTGAACACCCTTGGGGTGGGAGC H-kansasii 
4385 AGGGGGACC|^AT|G|cGTG@A^CCgTTgCGGgCC^GC M.smegmatis 



2410 



2420 



2430 



2440 



3345 

284 

2645 

393 

2645 

2737 

2668 

1910 

2372 

4822 



AC jCTCGACGCCAGTTGGGGCD GAGTCGTTGTTGAAATACC M. 
ACCTCGACGCCAGTTGGGGCGGAGTCGTTGTTGAAATACC M . 
^^CaGACGCCAGTTfrjGfflGfflGGAGTCGTTGTTGAAA M. 

TSrATGGAGTCGTTGTTGAAATACC M. 
IGgjGflGGAGTCGTTGTTGAAATACC M. 
S|C[rCGlGACGCCAGTT|qGGG I GGAGTCGTTGTTGAAATACC M . 
ACyTCGACGC@AGTTGGGG0GGAGTCGTTGTTGAAATACC H . 

M. 

acctcHacgccagttggggHggagtcgttgttgaaatacc m . 

iolcScAC ACGCCAGTpiGGG I GGAGTCGTTGTTGAAATACC M . 



A TAGS GACGCCAGTT 
C3 Ckc?l GACGCCAGTT 



tube rculosis 
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avium 

intracellulare 
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3385 

324 

2685 

433 

2685 

2777 

2708 

1910 

2412 

4862 



2450 2460 2470 2480 

ACTCTGATCGTATTGl ^GCATCTAACCTCGJlRCCCTGfiRTC M, tuberculosis 
ACTCTGATCGTATTGGGCATCTAACCTCGAACCCTGAATC M.foovis 
ACTCTGATCGTRTTGG0CA|aCTAAC|GjTCGAACCCTF 
ACTCTGATCGTATTGG A CA C CTAAC G TCGAACCCT - 



•lATC M- avium 
aATG M.intcacellulare 
ACTCTGATCGTATTGGgC^CTAACgTCGTUlCCCThTATC M.paratuberc . 
ACTCTGATCGTATTGGGqgTCTAACCTCG|ACc|iTqQ AT M . ph 1 e i 
ACTCTGATHGTATTG^CATCTAACCTCGAACclgT^T^TC M. leprae 

M.gastri 

ACTCTGATCGTATTGGgc^CTAACgTCGAACCCTGAATC M. kansasii 
ACTCTGATCGTATTGGGC^CTAACCTCG|acc|i@ATC M - sme gmat i s 



3425 

364 

2724 

472 

2724 

2817 

2748 

1910 

2452 

4902 



2490 2500 2510 2520 

GGGTTTAGb GACAGTGCCTGGCGGGTAGTTTAACTGGGGC M- tuberculosis 
GGGTTTAGGGACAGTGCCTGGCGGGTAGTTTAACTGGGGC H.bovis 

gggttSaB^gacagtgcctggcgggtagtttaactggggc M . avi urn 

GGGTTCACGGACAGTGCCTGGCGGGTAGTTTAACTGGGGC M- intracellulare 
GGGTTCAgGGACAGTGCCTGGCGGGTAGTTTAACTGGGGC M-paratuberc . 
aGGTTjgAGGGACAGTGCCTGGgGGGTAGTTTAACTGGGGC M^phlei 
CGGTTTAGGGACAGTGCCTGGCGGGTAGTTTAACTGGGGC 



GGGTTt 
@GGTT£ 



3GGACAGTGCCTGGCGGGTAGTTTAACTGGGGC 



M. leprae 
M.gastri 
M.lcansasii 



\GGGACAGTGCCTGG@GGGTAGTTTAACTGGGGC M . sme gmat i S 



2930 2940 2950 2960 

3864 AGTACGAGAGGACCGGGACGGACGAACCTCl bGTGCP LCCA M . t ube r c u 1 o i 
3163 AGTACGAGAGGACCGGGACGGACGAACCTCTGGTSaACCA M. avium 
3163 AGTACGAGAGGACCGGGACGGACGAACCTCTGGTA1ACCA M.paratuberc. 
3256 AGTACGAGAGGACCGGGACGGACGAACCTCTGGTATACCA M.phlei 
3187 AGTACGAGAGGACCGGGACGGACGAACCTCTCGI^TJACCA M. leprae 
1510 M.gastri 
2891 AGTACGAGAGGACCGGGACGGACGAACCTCT§GTGCACCA M . leans as i i 
5342 AGTACGAGAGGACCGGGACGGACGAACCTCTGGTg^ACCA M.smegmatis 
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2970 



2980 



2990 



3000 



3904 
3203 
3203 
3296 
3227 
1910 
2931 
5382 



JCTGGATAGCCACGTrCGGA 
3-CTGGATAGCCACGTTCGG R 



GTTGT laCCGb CAGGGGCACCGCTGGATAGCCACGyTCflfg; M- tuberculosis 

avium 

paratuberc . 
ccaggggcaccgctggatagccacgttcggN M. phlei 

leprae 
gastri 
kansasii 
smegmatia 



GTTGTCCd 
GTTGTCcd 
GTTGTCcd 
GTTGTcQq 



CCAGGGGCACCGCTGGATAGCCACGTTCGG R 



GTTGTCCcHcCAGGGGCACCGCTGGATAGCgACGTTCGi 
GTTGTCCC ft CCAGGGGCACibcTGGATAGCCACGTTCGi 




3010 3020 3030 3040 

3944 CAGb ATAACCGCTGAAAGCATCTAAGCGGGAAACCTTCTC M. t ube rculosis 
3243 CAGGATAACCGCTGAAAGCATCTAAGCGGGAAACCTTCTC M. avium 
3243 CAGGATAACCGCTGAAAGCATCTAAGCGGGA7y\CCTTCTC M.paratuberc - 
3336 CAGGATAACCGCTGAAAGCATCTAAGCGGGAAACCT^TC M- phlei 
3267 CA@GATAACCGCTGAAAGCATCTAAGCGGGAAACCTTCTC M- leprae 
1910 M.gastri 
2971 CAGGATAACCGCTGAAAGCATCTAAGCGGGAAACCTTCTC M.kansasii 
5422 CAGGATAACCGCTGAAAGCATCTAAGCGGGAAACCt|5t]tc M.smegmatis 



4023 

609 

3322 

677 

3322 

3415 

3309 

1910 

3050 

5501 



CCCGC- 
CCCGC- 
CCCGC- 
CCCGC- 
CCCGC- 
CCCGC- 



CCCGC- 
CCCGC- 



3090 3100 3110 3120 

-AGAACACGG ^TTCAATAGGIt ^AGACCTGGAAGCT H. 
AGAACACGGGTTCAATAGGTCAGACCTGGAAGCT M , 
-AGA|aCACGGG§T|GkTAGG| 

- AGA C CACGGGTTOG ATAG' 

- AGA X CACGGgHotg ATAGG] 

-AGAHcACGGGp|TCPATAG^ciCAGACCTG|^fi§GC@ M 

M 
M 

-agaacacgggttcBataggScagacctggaagct m 

-AGAgCACGGGgigATAG^CAGACCTGGAAGCg M 



CAGACCTGGAAGCT M. 
CAGACCTGGAAGCT M. 
AGACCTGGAAGCT M. 
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50 60 70 80 

2 (3CmCerGO*V^PJKCKCAl!GCPJKGTOG7KACOG M, tuberculosis 

141 GCGGCGTGCTTAACACATGCAABTCGAACGGMAGGTCTC M . bo V i s 

39 GCGGCGTR cTTAACACATGCA?VGTCGARCGGaARGG|gCTC H. avium 

1 I H TTRACACATGCARGTgGAACGGARAGfiC cgc M. intracellulare 

39 GCGGCGTGCTTAACACATGCAAGTCGAACGGTUmGGfccTC M. paratuberc . 

2 GCGGCGTGCTTAACAgATGCAAGTCGAACGGAAAGGgcgC M- SCro f ul aceum 

40 GCGGCGTGCTTAACACATGCAAGTCG7UVCGGAAAGGTCTC M, leprae 

2 gCGGCGTGCTTAACACATGCAAGTCGAACGGAAAGGTCTC M.kansasii 

2 GCGGCGTGCTTAACACATGCAAGTCGAACGGAAAGGTCTC M.gastri 

40 GCGGCGTGCTTAACACATGCAAGTCGAACGG@AAGG^TC M.gordonae 

1 h" [ GTGCTTAACACATGCAAGTCGAACGGAAAGGTCTC M.marinum 



90 



100 



110 



120 



42 

181 

79 

32 

79 

42 

80 

41 

42 

80 

36 



T " TCG( 3AGATf VCTCGAGTGGCGAACGGGT 

rp TCGGAGATACTCGAGTGGCGAACGGGT 

Y TCGGAGiaTACTCGAGTGGCGAACGGGT 

T TCGGgG - TACTCGAGTGGCGAACGGGT 

TCGGAG 3 TACTCGAGTGGCGAACGGGT 

- tcggI^gIgItactcgagtggcgaacgggt 

T jAAAAAATCTTTll T lTPl GAGATACTCGAGTGGCGAACGGGT 

TCGGAGTdqlACTCGAGTGGCGAACGGGT 

TCGG AGA gACTCGAGTGGCGAACGGGT 

1 i GfelGlTAC^GAGTGGCGAACGGGT 



T- 

B- 

T- 



TCGGAGATACTCGA§TGGCGAACGGGT 



M, tuberculosis 

M-bovis 

M. avium 

M- intracellulare 
M-paratuberc . 
M- scrof ulaceum 
M. leprae 
M.kansaaii 
M-gastri 
M.gordonae 
M.marinum 



70 

209 

107 

59 

107 

70 

120 

69 

70 

104 

64 



130 140 150 160 

GAGTAACACGTGGdTGkTCTGCCCTGCACTTC-t^t^t^ATAA M. 

gagtaacacgtgggtgatctgccctgcacttc-gggataa m . 
gagtaacacgtgggEaIatctgccctgcacttc-gggataa M . 
gagtaacacgtgggca atctgccctgcacttc-gggataa m . 

GAGTAACACGTGGG CA ATCT§CCCTGCACTTC-GGGATAA M . 
GAGTAACACGTGGGCA ATCTGCCCTGCACTTC-GGGATAA M. 
GAGTAACACGTGGG™ ATCTGCCCTGCACTTC@GGGAT7U\ M . 
GAGTAACACGTGGGCA ATCTGCCCTGCACrac-GGGATAA M , 
GAGTAACACGTGGGjCA ATCTGCCCTGCAC AqC-GGGATAA M . 
GAGTAACACGTGGG^jATCTGCCCTGCACyrC- GGGATAA M . 
GAGTAACACGTGGGjqGATCTGCCCTGCACTTC-GGGATAA M . 
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170 180 190 200 

109 GCCTGGGKAACTGGGTCTARTACCGGMAGGAC fcACGGGA' 

24 8 GCCTGGGAARCTGGGTCTAATACCGGATAGGACCACGGGA M 

146 GCCTGGGAAACTGGGTCTAATACCGGATAGGACcfflcraGA M 

98 GCCTGGGAAACTGGGTGTAATACCGGATAGGACCrTTAG| M 

146 GCCTGGGAAACTGGGrCTAATACCGGATAGGACc[rjc^ GA M 

109 GCCTGGGAAACTGGGTCTAATACCGGATAGGACCACrTGS M 

160 GC@TGGGAAACTGGGTCTAATACCGGATAGGAC^C?\J^G(^ M 

108 GCCTGGGAAACTGGGTCTAATACCGGATAGGACCACrTGG M 

109 GCCTGGGAAACTGGGTCTAATACCGGATAGGACCACrTCg M 
143 GCCTGGGAAACTGGGTCTAATACCG^TAGGACCAC^GA M 
103 GCCTGGGAAACTGGGTCTAATACCGGATAGGACCACGGGA M 



M, 
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avium 

int race llul are 

paratuberc • 

scrofulaceum 

leprae 

Icansasii 

gastri 

gordonae 

marinum 



149 
288 
186 
138 
186 
149 
200 
148 
149 
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143 



210 220 230 240 

!5^CATGTCTTGTGGTGGAAAG icGCTTTAGb GGTGTGGGAT 
TGCATGTCTTGTGGTGGAAAGCGCTTTAGCGGTGTGGGAT M 
aGCATGTCTTlq|TGGTGGAAAGCpi]TTT(^CGGTGTGGGAT M 
cbcATGTCTTfT^GGTGGAAAGCh- 



CGCATGTCTTdTGGTGGAAAGC -1 TTT 



C GCATGgCTTGTGGTGGAAAGC 



tuberculosis 
bovis 
avium 

TTTfKGCGGTGTGGGAT M. int race llulare 

paratuberc . 
TTT|r|GCGGTGTGGGAT M. scrofulaceum 
qGCATGTCTTGTGGTGGATmGCH'llTTTtliGCGGTG^GGAT M- leprae 

Icansasii 
gastri 

_ gordonae 
TyCATGTCgTGTGGTGGAAAGf^FTTTyGCGGTGTGGGAT M . m a r i Hum 



CGCATGCCTTGTGGTGGAAAGC 
qGCATGigCTTGTGGTGGAAAGC - 
cSCATGTCBrgTGGTGGAAAGC 



TTT I GCGGTGTGGGAT 
TTT I GCGGTGTGGGAT 
1 TTT - GCGGTGTGGGAT 



250 260 270 280 

(^^cccgcggcctatcagcttgttggtggggtgacggcct m. 
gagcccgcggcctatcagcttgttggtggggtgacggcct m , 
gIgIgcccgcggcctatcagcttgttggtggggtgacggcct M . 
G G gcccgcggcctatcagcttgttggtggggtga@ggcct m . 
gpIgcccgcggcctatcagcttgttggtggggtgacggcct m . 

ttggtggggtga@ggcct m. 

|TTgGTGGGGTg?VCGGCCT M. 

gplgcccgcggcctatcagcttgttggtggggtgacggcct m . 
gg|gcccgcggcctatcagcttgttggtggggtgacggcct M . 
g ^ jcccgcggcctatcagcttgttggtggggtg7\@ggcct m 
g|g( " 



G 



G G GCCCGCGGCCTATCAGCT 
G 3 GCCCGCGGCCTATCAGCT 



pCCCGCGGCCTATCAGCTTGTTGGTGGGGT@ACGGCCT M 
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450 



460 



470 



480 



389 
528 
424 
376 
424 
387 
439 
386 
387 
420 
381 



AAACCTCTTTCACCATCGACGAAGGTCCGGGTlglrCTCGG 

aaacctctttcaccatcgacgaaggtccgggttctctcgg 
a7u^cctctttcrccatcgacgaaggtccgggtt[i(tctcgg 
aaacctctttcaccatcgacgaaggtccgggtt i tctcgg 

AAACCTCTTTCACCATCGACGAAGGTCC GGGTTf l TCTHgG 
AAACCTCTTTCACCATCGACGAAGG^CtA CI tSgT GG 



aaacctctttcaccatcgacgaaggtcQggg^m|tctcgg 
aaacctctttcaccatcgacgaaggtccgggttctctcgg 
jvaacctctttcaccatcgacgaaggtccgggttctctcgg 
aaacctctttgaccatcgacgaaggtccgggttSItctcgg 
aaacctctttcaccatcgacgaaggtgcgggttyrctcgg m 



■tuberculosis 
. bovis 
. avium 

. intracellulace 
. paratuberc. 
. scrofulaceum 
. leprae 
. kansasii 
.gastri 
.gordonae 
rmarinum 



1130 



1069 
1208 
1104 
1056 
1098 
1064 
1119 
1066 
1067 
1100 
1061 



1140 



1150 



1160 



TCTCATGTTGCCAG dACGTAATGG'ib GGGACTCGTGAGAG M. 
TCTCATGTTGCCAGCACGTAATGGTGGGGACTCGTGAGAG M , 



TCTCATGTTGCCAGC SG GTAATG CC GGGGACTCGTGAGAG M . 
TCTCATGTTGCCAGC SG GT7VATG CC GGGGACTCGTGAGAG M , 
TCTCATGTTGCCAGC GG GTAATG CA GGGGACTCGTGAGAG M , 
TCTCATGTTGCCAGC GO GTAATG CC GGGGACTCGTGAGAG M. 



TCTCATGTTGCCAGCACGTAATGGTGGGGACTCGTGAGAG M , 
TCTCATGTTGCCAGcSaGTAATGlcaGGGGACTCGTGAGAG M , 
TCTCATGTTGCCAGC GG GTAATG CC GGGGACTCGTGAGAG M , 



TCTCATGTTGCCAGC GG GTAATG 



CC GGGGACTCGTGAGAG M. 



TCTCATGTTGCCAGCACGTAATGGTGGGGACTCGTGAGAG M, 
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1250 



1260 



1270 



1280 



1189 CAATGGCCGGTACAAAGGGCTGCGATGCCd[S"GkGGTTAAG M. 
1328 CAATGGCCGGTACAAAGGGCTGCGATGCCGCGAGGTTAAG 
1224 CAATGGCCGGTACAAAGGGCTGCGATGCCGraAGGTTAAG 
1176 CAATGGCCGGTACATVAGGGCTGCGATGCCGqRAGGTTAAG M. 
1218 CAATGGCCGGTACAAAGGGCTGCGATGCCGfe\AGGTTAAG M. 
1184 CAATGGCCGGTACAAAGGGCTGCGATGCCGCfeAGGTTAAG M. 
1239 CAATGGCCGGTACAAAGGGCTGCGATGCCGCyAGGTTAAG M. 

1186 CAATGGCCGGTACAAAGGGCTGCGATGCCGCGAGGTTAAG M. 

1187 CAATGGCCGGTACAAAGGGCTGCGATGCCGCGAGGTTAAG 
1220 CAATGGCCGGTACAAAGGGCTGCGATGCCGCGAGGTTAAG M- 
1181 CAATGGCCGGTACAAAGGGCTGCGATGCCGCGAGGTTAAG M- 
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1290 1300 1310 1320 

1229 CGARTc fCTTa7af mGCCGGTCTCAGTTCGH7XT|n^ M. 

1368 cgaatcctta-aargccggtctcagttcggatcggggtct m. 
1264 cgaatccttS^?u\agccgg@ctcagttcggat|x|ggggtct M, 

1216 CGAATCCTTrTAAAGCCGGTCTCAGTTCGGMTGGGGTCT H. 

1258 CGPJVTCCTTrTfiAAGCGGG@CTCAGTTCGGAT|ljGGGGTCT M. 

1224 CGA?\TCCTTrTRA3\GCCGGTCTCAGTTCGGATCGGGGTCT M. 

1279 CGJJLATCCTTrTAAAGCCGGTCTCAGTTCGGATCGGGGTCT M. 

1226 CGATVTCCTTrTAAAGCCGGTCTCAGTTCGGMCGGGGTCT M. 

1227 CGAATCCTTrTAAAGCCGGTCTCAGTTCGGOTCGGGGTCT M. 
1260 CGAATCCTTrdAAAGCCGGTCTCAGTTCGGMCGGGGTCT M. 
1221 CGAATCCTT[5PivAAGCCGGTCTCAGTTCGGMCGGGGTCT M. 
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1330 



1340 



1350 



1360 



1268 gcaactcgacccqypgaagtcggagtcgctagtaatcgca m. 
1407 gcaactcgaccccgtgaagtcggagtcgctagtaatcgca m. 
1304 gcaactcgaccccHtgaagtcggagtcgctagtaatcgca M. 
1256 gc71actcgacccc|atgaagtcggagtcgctagtaatcgca m. 
1298 gcaact@gaccc^|tgaagtcggagtcgctagtaatcgca m. 
1264 gcaactcgaccccgtgaagtcggagtcgctagtaatcgca m, 
1319 gcaactcgaccccgtgaagtcggagtcgctagtaatcgca m, 

1266 gcaactcgaccccgtgaagtcggagtcgctagtaatcgca h. 

1267 gcaactcgaccccgtgaagtcggagtcgctagtaatcgca m. 
1300 gcaactcgaccccgtgaagtcggagtcgctagtaatcgca m. 
1260 gcaactcgaccccgtgaagtcggagtcgctagtaatcgca m. 
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50 



60 
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128 TTCCGAACCCGGAAGCTAAGCCTGCCAGCGCCGATGATAC M. tuberculosis 
39 tHcCGAACCCGGAAGCTAAGCCTGCCAGCGCCGATGATAC M.bovis 
41 TCCCGAACCCGGAAGCTAAGCCTGCCAGCGCC^TGATAC M.phlei 
3559 T?^CCGAACCCGGAAaOTAAGCCTG@CAGCGCCGATGATAC M. leprae 
5743 TycCGAACCCGGAAGCTAAGCCTGCCAGCBcCGATGATAC M.smegmatis 



168 

79 

81 



90 



100 



110 



120 



TGCCClgiEgfibG- TGGAAAAGTAGGACACCGCCGAAC M. tuberculosis 

- TGGAAAAGTAGGgCACCGCCGAAC M . bo vi 3 
-TGGAAAAGTAGGACACCGCCGAAC M.phlei 
-TGGAAAAGTAGGACACgGCCGAAC M. leprae 
CgGGg TGGAAAAGTAGGACACCGCCGAAC M.smegmatis 



TGCC CCTC CGGG G - 
TGCCCteCJ^cgGGjG- 



3599 TGCCCATltCGGG 

5782 tHcCCIT 
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90 100 110 120 

GGGAGCTGTCAACCGAGqAijpATCCGAGGMTTCCGAA^ avium 
GGGAGCTGTCAACCGAGCATTGMCCGAGGATTTCCGAAT M-paratufoerc . 
1053 GGGAGCTGTCAACCGAGCjiTjiGATCCGAGGATTTCCGAAT M. tuberculosis 
467 GGGAGCTGTCAACCGAGCGT3GATCCGAGGATTTCCGAAT M.phlei 
GGGAGCTGTCAACCGAGCGTGGATCCGAGGATTTCCGAAT M- leprae 
GGGAGCTGTCAACCGAGCGT3GATCCGAGGATTTCCGAAT M^gastri 
GGGAGCTGTCAACCGAGcblTyGATCCGAGGATTTCCGAAT M.kansasii 



382 
382 



392 
167 
110 



2548 GGGAGCTGTCAACCGAGCyrTGATCCGAGGATgTCCGAAT M.smegmatis 



170 



180 



190 



200 



462 
462 



GAATATATAGGGTGCG" 
GAATATATAGGGTGCG- 
1133 GAATATATAGGGTGCG" 
547 



ggagc|3^acgcggggaagtgaaa m. 
ggaggtaacgcggggaagtgaaa m. 
ggaggSaacgcggggaagtgaaa M. 

GGgGGSAACGCGGGGAAGTGAAA M, 
GGAGG3AACGCGGGGAAGTGJ\AA M. 
GGAGGS?3lACGCGGGGAAGTGAAA m. 
GGAGGGAACGCGGGGAAGTGAAA M. 
2628 GAATATATAGGg^cg~GGgGGyAACGCGG@GAAGTGAAA M. 



472 
247 
190 



GAATATATAGGpGTIlG" 
GAATATATAGGGTjljcG- 
GAATATATAGGGTGCG" 
GAATATATAGGGTGCG" 
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250 260 270 280 

541 - gtcagtagtggcgagcga 4c- CGGAACA-^ CTAAACCG M- avium 

541 "GTCAGTAGTGGCGAGCGAAC-CGGAACA-GGGTAAACCG M. paratuberc . 

1212 "G^lAGTAGTGGCGAGCGAACj^CGGAACA-'GGCTAAACCG M. tuberculosis 
626 
551 
326 
269 



-"J-Ll T-IZ,-- **-w«^w*-N 

sagtagtggcgagcgaaEaggga^aSggctaaaccg M- phlei 

-G^gAGTAGTGGCGAGCGAAra^ M. leprae 

-GTCAGTAGTGGCGAGCGAACsjCGGAACAIGGCTAAACCG M. gast ri 

"GtHagtagtggcgagcgaacgcggaacatggctaaaccg H. kansasii 



2706 gGTyAGTAGTGGCGAGCGAACyCGGA^^yGGCTAAACgG M.smegmatis 
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578 

578 

1250 

664 

590 

365 

308 

2745 



290 

mlm 



300 310 320 

CATG-CATGGACAACCGGGTAGGGGTTGTGTGTGCGGGGT M . 



JG-CATGG 
^DG-CATGfrGAl 
CA^"CATGbca 
CACp-CATGGlGTG 
CAjgG-CATGGlGT^ 
@ATG§CATG^GM 



lccgggtaggggttgtgtgtgcggggt m. 
icc0ggt@ggggttgtgtgtgcggHgt M. 

r^gGGTAGGGGTTGTGTGTGCGGlrjGT M. 
ICCGGGTAGGGGTTGTGTGTGCGGGGT M. 
ACCGGGTAGGGGTTGTGTGTGCGGGGT M. 
lCCGGGTAGGGGTTGTGTGTGCGGGGT M. 
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paratuberc . 

tuberculosis 
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leprae 
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kansasii 

smegmatis 



330 



340 



350 



360 



617 TGTGG dlATTGATATgj rCTCAGc TTCTACCTGGCTGAGG^ GG M. 
617 TGTGGGATTGATATGTCTCAGCTCTACCTGGCTGAGG-GG M. 
1289 TGTGGGAp^^lGATATGTCTCAGcScTO^ M. 
703 TGTGGG^OCTaTgTGTCgCAfflcjOTC^Cg^ M, 
629 TGTGGGATTGyTATGTCTCAyCTCTACCTGGfpGAGG" GG M. 



404 
347 



TGTGGGAT0GATA0GTCTCAGCTCTACC 
TGTGGGAdqGATACGTCTCAGCTCTACC 



JGCTGAGG~GG M 
teGCTGAGG-GG M 



2785 TGTGGGA^^TgigTCgC^CTCTACCTGGCTGgG^GG M 
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tuberculosis 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



370 380 390 400 

TAGTCAGAAAGTGTCGTGGTTAGCGGAAGTGGCCTGGGJIc; M- avium 
TAGTCAGAT^GTGTCGTGGTTAGCGGAAGTGGCCTGGGAC M. paratuberc . 

M- tuberculosis 



656 

1327 gAGTCAGAAAG TGTC GTGGTTAGCGGAAGTGGCCTGGGAff 

742 TAGTgApWVGjcAG^GTGGTTAGg^GAAGTGGCCTGGGA T 

6 68 TAGTCAGAAAGTGic^GTGGTTAGCGGAA§TGGGCTGGGA T 



443 
386 



C AGTCAGAAAGTGTCGTGGTTJ 
C AGTCAGAAAGTGTCGTGGTM 



^ CGGAAGTGGCCTGGGA I 
^CGGAAGTGGCCTGGGAT 



2823 yAGTgAGAAAgTGT@GTGGTTAGCGGAA@TGGC@TGGGAjl 



M-phlei 
M. leprae 
M- gastri 
M. kansasii 
M. smegmatis 
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410 



420 



430 



696 
696 
1367 
782 
708 
483 
426 



GGCCCGCCGTAGACGGTGAGAGCCCGGTACGCGA7\A- 



: GCCGTAGACGGTGAGAGCCCGGTACGCGAAA- 
: GCCGTAG^GGTGAGAGCCCG^ACQCGAAA- 
GGCCfrjGCCGTAGACGGTGAGAGCCOTGTACGCGAAA- 



|C T GCCGTAGACGGTGAGAGCCCGGTACG T GAPiA- 
TjGCCGTAGACGGTGAGAGCCCGGTACG I GAAA- 
2863 GGCqrgCCGTAGACGGTGAGAGCCCGGTACGtrjGAAA- 



440 

.,1.1, 

ACC M. avium 
■ACC H.paratuberc . 
■ACC M.tubecculosis 
AC§ M.phlei 
^CC H. leprae 
ACC M.gastri 
ACC M- Jeans as ii 
ACC M.smegmatis 



735 

735 

1406 

820 

747 

522 

465 

2902 



450 460 470 " 480 

CGGCACCTGCCT ITATATCAACAD CCGAGTAGCAGCGGGCC M. avium 

CGGCACCTGCCTTATATCAACACCCGAGTAGCAGCGGGCC M.paratuberc . 

CG GCA CCTGCCT EG[TATCAA[ injcCCGAGTAGCAGCGGGCC M. tuberculosis 

l|G |CTG| CCnGC^^G fe CCCGAGTAGCAGCGGGCC M.phlei 

iJgGCACCTGCCTT GlTATCAAfTT CCCGAGTAGCAGCGGGCC M. leprae 

CGGCACCTGCCTT 3 TATCMrT CCCGAGTAGCAGCGGGCC M. gastri 

STATCAAri CCCGAGTAGCAGCGGGCC M.kansasii 



CGGCACCTGCCTT 
CG^C|GljCTG[l^TT 



rATGGTGTT|CCCGAGTAGCAGCGGGCC M . smegmat i 3 



570 



580 



590 



600 



855 GAGGGAATGGTGAAAAGTACCCCGG aAGGG-AGTGAAAT^ M. 
855 GAGGGAATGQTGAAAAGTACCCCGGGAGGG-AGTGAAATA M. 
1526 GAGGGAATGGTGAAAAGTACCCCGGGAGGG|^GTGAAA|ai\ M. 
937 GAGGGAATgGTGAAAAGTACCCCGGGAGGG-AGTGAAAjsjiv H . 

867 gagggaatggtgaaaagtaccccgggaggglgkgtgaaata m. 
642 gagggaatggtgaaaagtaccccgggaggggagtgaaaH?i M. 

585 GAGGGAATGGTGAAAAGTACCCCGGGAGGGGAGTGAAASA M. 
3022 GAGGGAATGGTGAAAAGTACCCCGGGAGGGGAGTGAAAGA M. 
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610 



620 



630 



640 



894 GTACCTGARACCGTGTGCCTACAATCCGTCJlGAGCC iTCCT'' M, avium 

894 GTACCTGAAACCGTGTGCCTACftATCCGTCTVGAGCCTCCT M . paratuberc . 

1566 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCTCCT M. tuberculosis 

976 GTACCTGAAACCGTGTGCCTACAATCCGTCA§AGCC^3CT M - phle i 

907 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCTC iIt M . leprae 

682 GTACCTGAAACCGTGTGCCTACAATCCGTCAGAGCCH^T M.gastri 

625 GTAQCTGAAACCGTGTGCCTACAATCCGTCAGAGCCCTTT^M. leans as ii 

3062 GTACCTGAAACCGTGgGCgTACAATCCGTCAGAGCcjcjj^ , sme gma t i S 



934 
934 



650 



660 



670 



680 



GTGATGGCGTGCCTTTTGA M. avium 



1606 [TT TCCTCTCCGGAG GJ 

1016 grij f^^TJ 



947 
722 

665 c — 

3102 la.CGTGal — 



-GTGGGGTGATGGCGTGCCTTTTGA M. paratuberc . 
" 1g@GGTGATGGCGTGCCTTTTGA M. tuberculosis 

7TGGGGTGATGGCGTGCCTTTTGA M-phlei 
-GTGGGGTGATGGCGTGCgTTTTGA M. leprae 
- GTGGGGTGATGGCGTGCCTTTTGA M . g a s t r i 
-GTGGGGTGATGGCGTGCCTTTTGA H. kansasii 
-GTGGGGTGATGGCGTGCCTTTTGA H - smegmat is 



690 700 710 720 

959 agaatgagcctgcgagtcaggg dcacgtcgcgk ggttaac m , 
23 agaatgagcctgcgagtcagggacacgtcgcgaggttaao m. 
959 agaatgagcctgcgagtcagggacacgtcgcgaggttaac m. 
1646 agaatgagcctgcgagtcagggacaBgtcgcHaggttaac M . 
4 agaatgagcctgcgagtcagggacaigtcgcyrggttaac m. 
1046 agaatgagcctgcgagtcagggacaigtcgcgaggttaac m. 
972 agaatgagcctgcgagtcagggacaigtcgcgaggttaac m. 
747 agaatgaggctgcgagtcagg6acaigtcgcgaggttaac m, 
690 agaatgagcctgcgagtcagggacaigtcgcgaggttaac m. 
3132 agaatgagcctgcgagtcagggacaigtcgcgaggttaac m. 
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770 



780 



790 



800 



1039 

103 

1039 

1726 

84 

1126 

1052 

827 

770 

3212 



CGTA.TCAC3CG|t| 

CGTMqGqecG^ 
cg[i{rtcc^p\c: 



CGCATCCCCTTTGGG GTGTAGTGGCGTGT M , 

C GCAT CCc StTTGGG G TGTAGTGGCGTGT M, 

CG^cdcgcA.CGdGpVTACGCGCGTGTjG5aTAGTGGCGTGT M- 

CG fVCgCg C P^CGQG 3ATACGCGCGTGT G M TAGTGGCGTGT M . 

CG ifeCCAACdTG — " " iGGGGTTGi GTGTAGTGGgGTGT M. 

CG T ATC^ 5|g@G TGp^G'l|--- GTGTAGTGGCGTGT M. 

r GTGTAGTGGCGTGT M. 

q- GTGTAGTGGCGTGT M. 

Iq ^GTGTGTGI GTGTAGTGGCGTGT M, 



avium 

intracellulare 

paratubecc . 

tuberculosis 

bovis 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



1050 1060 1070 1080 

1307 CAGCCAAACTCCGAATGCc ts- TGGTG-TAA AAGCfe TGGCA M . av 1 urn 

1307 CAGCCAAACTCCGAATGCCG-TGGTG-TAAAAGCGTGGCA M . paratuberc . 

2005 CAGCCAAACTCCGAATGCCG-T GGTG -TAFIaAGCGTGGCA M. tuberculosis 

1401 CAGCCAAACTCCGAATGCCGgT^^-T|^AAGgGTGGCA M. phlei 

132 3 CAGCCAAACTCCGAATGCCG-TGGTy-TAAAAGCGTGGCA M. leprae 

109 8 CAGCCAAACTCCGAATGCCG"TGGTG~TJiE|Ap 

1041 CAGCCAAACTCCGAATGCCG-TGGTG-TATR 



GCGTGGCA M.gastri 
GCGTGGCA M- kansasii 



3486 CAGCCAAACTCCGAATGCCG|^TMG|C^Aa^G|GgGG^ M. smegmatis 



1170 1180 1190 1200 

1425 AGTGGAAAAGGATGTC frAGTCGCAGk -GACAACCAGGAGG M.Bxri nm 
1425 AGTGGAAAAGGATGTGTAGTCGCAGA-GACAACCAGGAGG M.paratuberc . 

Ha-GACAACCAGGAGG M-tuberculosis 
GA@GACJIACCAGGAGG M . phle i 
§A"-GACAACCAGGAGG M. leprae 
.GGATGTGmGTCGCAGA-GACAACCAGGAGG M . g ast r i 
.GGATGTGCAGTCGCAGA-GACAACCAGGAGG M. kansasii 



2122 AGTGGgAAAGGATGTGOAGTCGC: 
1519 AGTGGAAAAGGATGTGCAGTCGcj 

1441 agtggaaaaggatgtgIcIagtcgc: 

1215 AGTGi 
1158 AGTGG 



3606 AGTGGAAAAGGATGTGyAGTCGCAGA@GA@AACCAGGAGG M. smegmatis 
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1250 



1260 



1270 



1280 



1504 CTCACTGGTCAAGTGAT' aATGCGCcb ATARTGTAGCGGGG M. avium 

1504 CTCACTGGTCAAGTGATTATGCGCCGATAATGTAGCGGGG M . par at ube rc . 

2201 CTCACTGGTCAAGTGATTliTGCGCCGATAATGTAGCGGGG M. tuberculosi S 

1598 CTCACTGGTCAAGTGATTSTGCGCgGATAATGTAGCGGGG M-phlei 

1520 CTCACTGGTCAAGTGATTSrGCGCCGATAATGTAGCGGGG M. leprae 

1294 CTCACTGGTCAAGTGATTSrGCGCCGATAATGTAGCGGGG M.gastri 

1237 CTCACTGGTCAAGTGATTGTGCGCCGATAATGTAGCGGGG M. kansasii 

3686 @TCACTGGTCAAGTGATT|G|TGCGCCGATAgTGTgGCGGGG H.smegmatis 



1290 1300 1310 1320 

1544 CTCAAGCACACCGCCGAAGCCGCGGCACAo h'CATCTT-^^T^ M. avium 

1544 CTCAAGCACACCGCCGAAGCCGCGGCACATTCATCTT~TA M. par atube rc . 

2241 ctcaagcacaccgccgtuvgccgcggcacatBcaBcttBtPI M. tuberculosis 

1638 CTCAAGCACACCGCCGAAGCCGCGGCT ^" jjJ rCA SC^T I t|g| M.phlei 
1560 CTCAAGCACACCGCCGAAGCCGCGGCACATTCA C CTT C TA M. leprae 
1334 CTCAAGCACACCGCCGAAGCCGCgHca["---^CC5c- ^ M.gastri 

1277 CTCAAGCACACCGCCGAAGCCGCGgCA -jACCSC — A M. kansasii 

3726 HTCAAGCACACCGCCGAAGCCGCGGpjA h M.smegraatis 



1583 
1583 
2280 
1676 
1600 
1367 
1310 
3764 



1330 1340 1350 1360 

CGGTGGAp GTGGGTAGGGGAGCGT llcCCCl ^ATTCAGCGAAG M. 
CGGTGGATGTGGGTAGGGGAGCGTCCCCCATTCAGCGAAG M . 

%gtgg|3tgtgggtaggggagcgtcccHcattcagcgaag H . 

I GGg§G|gTGTGGGTAGGGGAGCGTCOTG C ATgcgG^GAAG M . 
SGGT GGATG TGGGTAGGGGAGCGT^CqiCATTCAGCGAAG M . 



TT" 



fiGGT TGGGTAGGGGAGCGTCCC I CATTCAGCGAAG M . 

r|gGt| TGGGTAGGGGAGCGTCCqilcATTCAGCG M. 

| tgggtaggggagcgtcc 1t^g-^ tHc|§1g^aag M. 
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1623 
1623 
2319 
1716 
1640 
1402 
1345 
3796 



1370 1380 1390 1400 

Ol^GGGTGACCGGTGGTGGAGGGTGGGGGTVGT M. avium 

CT"CCGGGTGA@CGGTGGTGGAGGGTGGGGGAGTGAGAAT M, paratubecc . 
CpSlcCGGGTGACCGGTGGTGGAGGGTGGGGGAGTGAGTVAT M. tuberculosis 
CC;GCCG@GTGA|cGGTGGTGGAGGGTG|gGGAGTGAGMlT M . phle i 
qc;iCCGGGT@ACCGGTGGTGGAGGGTGGGG@?VGTGAGAAT M. leprae 



ccg ccgggtgaccggtggtggagg p 
ctIgccgggtgaccggtggtggagg F 



CGGGGGAGTGAGAAT M.gastri 
rGGGGGAGTGAGAAT M.kansasii 



qCCG^GT^C^GTGGTGGAGGGTGgGGGAGTGAGAAT M- smegmatis 



1530 



1540 



1550 



1560 



1781 CGATGGACAACGGGTTGATATTCCCGTACCCGTG mTGGG M . avium 

1781 CGATGGACAACGGGTTGATATTCCCGTACCCGTGTATGGG M. paratuberc • 

2479 CGATGGACAACGGGTTGATATTCCCGTACCCGTGTgTGGG M. tuberculosi S 

1875 cgatggacaacgggttgatattcccgtacccgtgtatgKIg M-phlei 

1800 CGATGGACAACGGGTTGATATTCCCGTACCCGTGTHTGyG M. leprae 
1562 CGATGGACAACGGGTTGATATTCCCGTACCCGTGTGTGGG M.gastri 
1505 CGATGGACAACGGGTTGATATTCCCGTACCCGTGTyTGGG M. kansasii 
3956 CGATGGACAACGGGTTGATATTCCCGTACCCGTGTATGgG M- smegmatis 



1570 1580 1590 1600 

1821 ^CGTCCCTGA'm AATCA-GCGGTACTAACCACCCAA?^ M. avium 
1821 CGTCCCTGATGAATCA-GCGGTACTAACCACCCAAAACCG M. paratuberc . 
2519 CgPccIsItGA^AATC A" GCGG TACTAACCACCCAAAACCG M-tuberculosis 
1915 CGTCCCTGATGAATC|CM|gT|CTAACCACCCAAAACC@ M.phlei 
1840 CG0CcB[TGATGAATCA-GCGGTACTgACCACCCAAAACCG M. leprae 
1602 CGCCCGTGATGAATCA" GCGGTACTAACCACCCAAAACCG M.gastri 
1545 CGQCCGTGATGAATCA" GCGGTACTAACCACCCAAAACCG M.kansasii 
3996 CGTCCyXGATGAATCA-GCGGTACTAACCAgcCAAAACCg M. smegmatis 
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1860 
1860 
2558 
1955 
1879 
1641 
1584 
4035 



1610 

mLt 



1620 



1630 



1640 



GAT-CGACCAT-TCCCCTTCGGGGGC-GTGGCGATT-CGG M. 
GAT-CGAfflCJ^TCCCCTTCGGGGGpiGTG M. 
G^-CGAgCtzA^ M, 

gat-cgacc^Ptccccttcggggg^^tggSggtt-cgg m. 

GAT" CGaHc^ - TCCCCTTCGGGGGg'-GTGG R G G TH-lliGG M . 
GAT- C GA|l|CA|q" T CCCC TTCGGGG GC- GTGGp|g G T C " I GG M, 
[A>CCGT| GACC |GCAi^ C |T^ — | TTCGGGG | — OI GTGGCG J T SGT GG M . 



, avium 
paratuberc . 
tufoeirculosis 
phlei 
leprae 
gastri 
kansasii 
smegmatis 



1896 
1696 
2594 
1986 
1917 
1677 
1620 
4071 



1650 1660 1670 16B0 

GGCTGCGTGC 3GACCTTCG(^ GGTAGTAGTCAAGc 3RATi ^GG M. avium 
GGCTGCGTGGGACCTTCGCTGGTAGTAGTCAAGCAATGGG M . parat ube re . 
GGCTGCGTGGGAgCTTCGCTGGTAGTAGTCAAGCiaAgGGG M . tube rculo s 1 s 

ggctgcgtgggacch^g 
ggctgcgtgggaHcttcg 



JGTAGTAGTCAAGCGATGGG H. phlei 
[•GGTAGTAGTCAAGCGATGGG M- leprae 
GGCTGCGTGGpLGpCTTCGCTGGTAGTAGTCAAGCC3 ATGGG M. gastri 
GGCTGCGTGG^gIccTTCGCTGGTAGTAGTCAAGCSATGGG M. kansasii 
GGCTGCgTGGGACCTTCGgTGGTAGTAGTCAAGCjgATGGG M. smegmatis 



1690 



1700 



1710 



1720 



1936 "GTGACGCAGGAAGGCAGCCGTACCAGTCAGTGGTAATA- M. 

1936 -GTGACGCAGGAAGGCAGCCGTACCAGTCAGTGGTAATA- M. 

2634 -gtgacgcaggaagg5]agccgtaccagtcagtggtaj3^-- M. 

2025 -gtgacgcaggaaggtagccgtaccagtcagtggtaata- m. 

1957 "gtgacgcaggaaggyagccgtaccagtcagtggtaata" m. 

1717 "gtgacgcaggaaggcagccgtaccagtcagtggtaata- m. 

1660 -GTGACGCAGGPlAGGCAGCCGTACCAGTCAGTGGTAATA- M. 

4111 "GTGACGCAGGAAGGgAGCCGTACC^TCAGTGGTAATA-- M. 



avium 

par at ube rc . 

tubetrculosis 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



1730 1740 1750 1760 

1974 "CTGGGGCAAGCC |CGTAG""Ai ^AGCGATAGGCAAATCCG'r M. avium 
1974 -CTGGGGCAAGCCCGTAG — AGAGCGATAGGCAAATCCGT H. paratuberc . 
2672 -CTGGGGCAAGCcSGTAGp^GAGCGATAGGCATmTCCGT M. tuberculosis 
2063 "CgGGGGgAAgCC|llGTAGSGqGAGgGATAGGCAAATCCGT M. phlei 
1995 -CTGG§GCAAGCCCGTAG3GjAGAGCGATAGGCAAATCCGT M. leprae 
1755 -CTGGGGCAAGCC0GTAGSd AGAGCGATAGGCAAATCCGT M - g ast r i 
1698 -CTGGGGCAAGCCRGTAGGG AGAGCGATAGGCAAATCCGT M. kansasii 
414 9 - c|GGgG@AAGCCyGTAG|G^Gg^GATAGG|AAATCCGT M . sme gma t i s 
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1810 1820 1830 1840 

2051 CG~JmTTCGGTGATCCTCTGCTGCCMGAAAAGCCTCTJV" M. avium 

2051 CG-AATTCGGTGATCCTCTGCTGCCAAGAAAAGCCTCTA- M. paratuberc . 

2751 CG"7VaTTCGGTGATCCTCTGCTGCCAAG7UmAGCCTCTA- M. tuberculosis 

2141 CG"AATTCGGTGATCCT@TGCTG@cgAGAAAAGCCTCTA" M.phlei 

2074 CG-"AATTCGGT§ftgcCTCTGCTGCCAAGA?l7yVGCCTCTA-' M. leprae 

1834 CG-AATTCGGTGATCCTCTGCTGCCAAGAAAAGCCTCTA- M.gastri 

1777 CG-AATTCGGTGATCCTCTGCTGCCAAGAAAAGCCTCTA- M. kansasii 

4228 CG-AATTCGGTGATCCTgTGCTGCC§AG7^AAAGCCTCTA-" M-smegmatis 



1850 1860 1870 " 1880 

2089 GCGAGC^IsaSaSSFGGCCCGTACCCCAAACCAACACAGGT avium 

2089 GCGAGCACATACAC@GCCCGTACCCCAAACCAACACAGGT M. paratuberc . 

2789 GCGAGCACA@ACACGGCCCGTACCCCAAACCgACACAGGT M . tube rculo s i s 

2179 GCgAGcScATACACGGCCCG'TACCCCAAACCAACACAGGT M.phlei 

2112 GCGAGCAgAiangCGGCCCGTACCCCAAACCjiACACAGGT M. leprae 

1872 GCGAGCACACACACGGCCCGTACCCCAAACCGACACAGG M.gastri 

1815 GCGAGCACAjgACACGGCCCGTACCCCATUlCCgACACAGGT M. kansasii 

4266 GCGAG§ACATACACGGCCCGTACCCCAAACCAACACAGGT M.smegmatis 



1970 



1980 



1990 



2000 



2208 AGGGG dCCCGGAATACb GTGAACACCCTTGCGGTGGGAGC M. avium 
2208 AGGGGGCCCGGAATACCGTGAACACCCTTGCGGTGGGAGC M. paratuberc . 
2908 AGGGGgHcCGGAATA@CGTGAACACCCTTGCGGTGGGAGC M. tuberculosis 
2298 AGGGGGACCg^^TACCGTGAmcgCTTGCGGgGGgAGC M,phlei 
2231 AGGGGGlgCCGGAATAgCGTGAACACCCTTGCGGTGGGAGC M. leprae 
1910 M,gastci 
1934 AGGGGgHcCGGAATACCGTGAACACCCTTGCGGTGGGAGC M. leans as ii 
4385 AGGGGGyCCg^AT^CGTG@?@CC@TT@CGGgc^AGC M.smegmatis 



2010 



2020 



2030 



2040 



2248 
2248 
2948 
2338 
2271 
1910 
1974 
4425 



GGGA TlTCGGch GCAGAAACCAGT( jGGTk GCGACT-G*rTTA M. avium 
GGGATTCGGCCGCAGAAACCAGTGGGTAGCGACT-GTTTA M. paratuberc . 



GGGATCCGG 



GCAGAAACCAGTGRGSAGCGACT-GTTTA M. tuberculosis 



GrqGCA@AAACCAGTGAGC3AGCGACT"GTTTA M. phle: 
GGGATgCGGgSGCAGAlACCAGTGyGyAGCGACT-GTTTA M. leprae 

M.gastri 

GGGATTCGG|i|CGCAGAAACCAGTG0GHAGCGACT@GTTTA M. kansasii 
GfxjGAPTl^GGfrqGCAgAAACCAGTGNGNAGCGACT- GTTTA M. smegmatis 
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2130 



2140 



2150 



2160 



2367 
2367 
3067 
2457 
2390 
1910 
2094 
4544 



CCGTTAACCCGT — imGGGTGAAGCGGAGAATTTAAGCCC M . 
CCGTTAACCCGB — AAGGGTGAAGCGGAGAATTTAAGCCC M . 



CCGTTAACCCgTfCG^GGGTGAnGCGGAGAATTTAAGCCC M. 
CgGTTARCCCGg — TVAGGGTGAAGCGGAGAATTTJVRGCCC M, 

M. 

CCGTTAACCCGia — AAGGGTGAAGCGGAGTVRTTTAAGCCC M . 



:cg| ^- 

ccgttaacc clccttggl gggtgargcggagaatttaagccc h- 



avium 

paratuberc . 

tube rculosis 

phlei 

leprae 

gastri 

Icansasii 

smegmatis 



2250 2260 2270 2280 

2485 GTARCGRCTT dcCAAb TGTCTCARCCATRGACTCGGCGAR M, 

2485 GTAACGTVCTTCCCAACTGTCTCAACCATAGKCTCGGCGMi M. 

3185 GTAACGACTTCfflCAACTGTCTCATVCCATAGACTCGGCGAA M. 

2577 GTAACGACTTCTCAACTGTCTCAACCATAGACTCGGCGAA M. 

2508 GTAACGACTTCgCAACTGTCTC/iACCATAGACTCGGCGAA M. 

1910 M. 

2212 GTAACGACTTCfflCAACTGTCTCAACCATAGACTCGGCGAA M. 

4663 GTAACGACTTC[lJcAACTGTCTCAACgATAGACTGGGCGAA M. 



avium 

paratuberc . 

tuberculosis 

phlei 

leprae 

gastri 

kansasii 

smegmatis 



2370 



2380 



2390 



2400 



2605 GTTCGGTACGGTTTGTGTAGGATAGGTGGGAGAC HTTGAA M. 
2605 GTTCGGTACGGTTTGTGTAGGATAGGTGGGAGACTTTGAA M. 
3305 GTTCGGTACGGTTTGTGTAGGATAGGTGGGAGACTplTGAA M, 
2697 G@TCG@TACGGTTTGTGTAGGATAGGTGGGAGACTQTGAA M. 
2628 GTTCGGT|CGGTTTGTGTAGGATAGGTGGGAGACayTGAA M. 
1910 M. 

2332 gttcggtacggtttgtgtaggataggtgggagact|g|tgaa M, 

4782 GgTCGgrACGGTTTGTGTAGGATAGGTGGGAGACTyTGAA M. 



avium 

paratuberc - 

tuberculosis 

phlei 

leprae 

gastri 

Jcansasii 

smegmatis 
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2645 

393 

2645 

3345 

284 

2737 

2668 

1910 

2372 

4822 



2420 



2430 



2440 



lCAGACGCCAGTTTGT§TGGAGTCGTTGTTGAAATACC M. 
GCACAGACGCCAGTTTGTGTGGAGTCGTTGTTGAAATACC M . 

^GAGTCGTTGTTGAAATACC M. 
rGAGTCGTTGTTGAAATACC M. 



GC 



CTC GACGCCAGTT G G G G C 
TC GACGCCAGTT G G G GL 
igG GACGCCAGTT C G GTGGAGTCGTTGTTGAAATACC M . 
rTqGACGcHAGTTMGlGIGTGGAGTCGTTGTTGAAATACC M, 
_ _ M. 

\CGCCAGTa 

\cgccagt|gItg 



3GTGGAGTCGTTGTTGAAATACC M, 
3GTGGAGTCGTTGTTGAAATACC M. 



avium 
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tuberculosis 

bo vis 
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kansasii 
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2450 



2460 



2470 



2480 



2685 

433 

2685 

3385 

324 

2777 

2708 

1910 

2412 

4862 



ACTCTGATCGTATTGGACACCTAACGTCGAAc dcT-TAb c' M 
ACTCTGATCGTATTGGACACCTAACGTCGAACCCT- TATC M 
ACTCTGATCGTATTGGACACCTAACGTCGAACCCT- TATC M 

M 



QVXUm 

intracellulare 
paratuberc . 
tuberculosis 
bovis 

^ . . phlei 
ACTCTGATgGTATTG^CAgCTAACgTCGAACCyTyTATC M. leprae 

gastri 
kansasii 
smegmatis 



ACTCTGATCGTATTGG G CA I CTAAC C TCGAACCCT SA ATC 
ACTCTGATCGTATTGG G CAfC CTAAC C TCGAACCCT GA ATC M 
ACTCTGATCGTATTGG g|ccT CTAAC C TCGgACCSTbGlATC 



ACTCTGATCGTATTGGACACCTAACGTCGAACCCT^ATC M . 
ACTCTGATCGTATTGG|gc|CTlCTAAC|^TCG§ACCgTg|mTC M . 



2690 



2700 



2710 



2720 



2924 GGTGTC^TCAACGGATAAAAGGTACCCCGGGGATAACiaG M. 

2924 GGTGTCACTCAACGGATAAAAGGTACCCCGGGGATAACF 

3 62 5 GGTGTCSCTCAACGGATAAAAGGTACCCCGGGGATAAC 

3017 GGTGTC G CTCAACGGATAAAAGGTACCCCGGGGATAAC 

2948 GGTCTCgCTCAACGGATAAAAGGTACCCCGGGGATAAC 
1910 

2652 ggtgtcHctcaacggataaaaggtaccccggggataacHg M, 

5102 GGTGTC GCTCAACGGATAAAAGGTACCCCGGGGATAAC AG M, 
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2730 



2740 



2750 



2760 



2964 -GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M. avium 
2964 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG m. paratuberc. " 
3665 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M- tuberculosis 
3057 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M. phlei 
2988 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M. leprae 
1910 M-gastri 
2692 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M.kansasii 
5142 GCTGATCTTCCCCAAGAGTCCATATCGACGGGATGGTTTG M. smegmatis 
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2770 



2780 



2790 



2800 



3004 
3004 
3705 
3097 
3028 
1910 
2732 
5182 



GCACCTCGMGTCGGCTCGTCGCATCCTGGGGCTGC^AGCA M. avium 
GCACCTCGATGTCGGCTCGTCGCATCCTGGGGCTGGAGCA M.paratuberc . 
GCACCTCGATGTCGGCTCGTCGCATCCTGGGGCTGGAGCA M . tube rcu lo s i s 
GCACCTCGATGTCGGCTCGTCGCATCCTGGGGCTGGAGCA M . phle i 
GCACCTCGATGTCGGCTCGTCGCATCCTaGGGCTG§AGCA M. leprae 

M-gastri 

GCACCTCGATGTCGGCTCGTCGCATCCTGGGGCTGGAGCA M . kans asi i 
GCACCTCGATGtCGGCTCGTCGCATCCTGGGGCTGGAGCA M . smegmat i s 



3044 
3 044 
3745 
3137 
3068 
1910 
2772 
5222 



2810 2820 
GGTCCCA^I a ^GTTGGGCTGTTCGCCC;- 



2830 



2840 



GGTCCC 
GGTCCC 
GGTCCC 
GGTCC 

GGTCCC. 
GGTCCC 




GTTGGGCTGTTCGCCC- 
GTTGGGCTGTTCGCCC- 
GTTGGGCTGTTCGCCC- 
GTTGGGCTGTTCGCCC- 



GGTTGGGCTGTTCGCCC- 
GGTTGGGCTGTTCGCO 



ATTAAAGCGGCAC M. 
ATTAAAGCGGCAC M. 
ATTAAAGCGGCAC M. 
ATTAAAGCGGCAC M. 
ATTAAAGCGGCAC M. 

M. 

ATTAAAGCGGCAC M. 
TTAAAGCGGCAC M. 



avium 

paratufoerc . 

tuberculosis 

phlei 

leprae 

gastri 

kansasii 

smegmat is 



3283 CAAGATCAGGTTT- 
638 CAAGATCAGGTTT- 
3283 CAAGATCAGGTTT- 
3984 CAAGATCAGGTTT- 
570 CAAGATCAGGTTT- 
3 376 CAAGA@CAGG@TT- 
3307 CAA 
1910 

3011 CAAGATCAGG 
5462 CAAGAgCAGG 



3050 3060 3070 3080 

-ctcaccc Ittttagab ggataaggccc M. 
-ctcacccttttagagggataaggccc m. 



-CTCACCCTTTTAGAGGGATAAGGCCC M, 
feGGATAAGGCCC M. 
JIGGGATAAGGCCC M. 



-CTCACCCACT*: 
-CTCACCckcT^ _ 

-ctcaccctht^gIgagggataaggccc m. 

M, 

-CTCACCcBaTTp[G@GGGATAAGGCCC M, 
- CTCACCCS±^ GAGGGATAAGGCCC M , 
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3322 

677 

3322 

4023 

609 

3415 

3309 

1910 

3050 

5501 



3090 3100 3110 3120 

-agaccacggc mttgataggc| ;agacctggaagct m. 
-agaccacggggrygataggccagacctggaagct m. 
-agaHcacgggattgataggccagacctggaagct M. 



CCCGC- 
CCCGC- 
CCCGC- 
CCCGC- 

CCCGC' 
CCCGC' 



CCCGC* 
CCCGC- 



-aga^^cacgggHtE 

•AGAglcACGGGtgT 
^AGACCACGGGA' 




iTAGG 
.TAGG 

atagI 



AGACCTGGAAGCT M. 
AGACCTGGAAGCT M. 
CCAGACCTG@AgGCg M, 

M, 

M, 

AGAgCACGGGgTgGATAGGCCAGACCTGGAAGCT M, 
AGACCACGGGATTGATAG§CCAGACCTGGAAGCg M , 
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107 

59 

107 

70 

70 

209 

120 

69 

70 

104 

64 



130 140 150 

grgtaacacgtggd^aktctgccctgcacttc 
gagtaacacgtgggcaatctgccctgcacttc 
gagt7wicacgtgggcaatct§ccctgcacttc 
gagtaacacgtgggcaatctgccctgcacttc 
gagtaacacgtgggG^tctgccctgcacttc 
gagtaacacgtggg reatctgccctgcacttc 
gagtaacacgyggggaatctgccctgcacttcl 
gagtaacacgtgggcaatctgccctgcacri 
gagtaacacgtgggcaatctgccctgcac 
gagtaacacgtggg Sa atctgccctgcac 
gagtaacacgtgggcBatctgccctgcacttc- 



160 



-GGGAT7VA M. 
-GGGATAA M. 
-GGGATAA M. 




GGGATAA M 
GGGATAA M, 
GGGATAA M, 
GGATAA H. 
GGGATAA M, 
GGGATAA M, 
GGGATAA M, 
GGGATAA M, 



avium 

intracellular© 

paratuberc . 

scrofulaceum 

tuberculosis 

bovis 

leprae 

kansasii 

gastri 

gordonae 

marinum 



450 



460 



470 



480 



424 
376 
424 
387 
389 
528 
439 
386 
387 
420 
381 



AAACCTCTTTCACCATCGACGAAGGTCCGGGTT 
AAACCTCTTTCACCATCGACGAAGGTCCGGGTT 
AAACCTCTTTCACCATCGACGAAGGTCgGGi 
AAACCTCTTTCACCATCGACGAAGGTCCGGGTT 
AAACCTCTTTCACCATCGACG7\AGGTCCGGGTT 
AAACCTCTTTCACCATCGACGAAGGTCCGGGTTTTCTCGG M 
AAACCTCTTTCACCATCGACGAAGGT^GGGTTTTCTCGG M 




aaacctctttcaccatcgacgaaggtccgg attttc tcgg m 
tumcctctttcaccatcgacgaaggtccgggttttctcgg m 
aaacctctttcaccatcgacgaaggtc cgggtt ttctEgg M 
aaacctctttcaccatcgacgaagg^c^^^art^otlgg m 

CTCGG M 
CTCGG M 
TTCTCGG M 

Itctcgg M, 

'CTCGG M 



. avium 

. intracellulare 

-paratuberc . 

. scro fulaceum 

. tube rculosis 

■bovis 

.leprae 

. kansasii 

.gastri 

.gordonae 

.marinum 



490 500 510 520 

429 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG tuberculosis 

568 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M. bovis 

464 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M . av i um 

416 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M. intracellulare 

464 ATTGACGGTAGGTGGAGAAGAAGCAC i |A CTACGTG M. paratuberc . 

42 4 §TTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG K . SC ro f ul aceum 

479 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M- leprae 

426 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M.fcansasii 

427 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M.gastri 
4^0 ^TGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M . go rdonae 
421 ATTGACGGTAGGTGGAGAAGAAGCACCGGCCAACTACGTG M. marinum 
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1104 
1056 
1098 
1064 
1069 
1208 
1119 
1066 
1067 
1100 
1061 



1130 1140 1150 1160 

OCTCATOTTGC^^ M, 
TCTCMGTTGCCAGCGGGTAATGCCGGGGACTCGTGAGAG M . 
TCTCATGTTGCCAGCGGGTAATGCgGGGGACTCGTGAGAG M . 
TCTCATGTTGCCAGCGGGTAATGCCGGGGACTCGTGAGAG M . 

M. 
M. 
M. 

TCTCATGTT6CCAGCGGGTAATGCCGGGGACTCGTGAGAG M . 
TCTCATGTTGCCAGCGGGTAATGCCGGGGACTCGTGAGAG M , 
TCTCATGTTGCCAGCGGGTAATGCCGGGGACTCGTGAGAG M . 
TCTCATGTTGCCAGCQGTAATGg^GGGGACTCGTGAGAG M . 



TCTCATGTTGCCAGC?ICGTAATGGTGGGGACTCGTGAGAG 
TCTCATGTTGCCAGC AC GTAATG GT GGGGACTCGTGAGAG 
TCTCATGTTGCCAGC AC GTAATG ST GGGGACTCGTGAGAG 
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1290 1300 1310 1320 

1264 cgaatc ^tttim agccggactcagttcgga'3|[^ggqtct m 
1216 cgaatccttttaaagccgggctcagttcggattggggtct m 
1258 cgaatccttttaaagccggactcagttcggattggggtct m 
1224 cgaatccttttaaagccgg[3ctcagttcggatBggggtct M 
1229 cgjvatccttpkaagccggrctcagttcggatcggggtct m 
1368 cgaatccttjpl-laaagccgq i ctcagttcggat c ggggtct m 
1279 cgaatccttttaaagccggi ctcagttcggat c ggggtct m 

1226 cgaatccttttaaagccgg i ctcagttcggat c ggggtct m 

1227 cgaatccttttaaagccggi ctcagttcggat c ggggtct m 
1260 cgaatccttttaaagccggi ctcagttcggat c ggggtct m 

1221 CGAATCCTTTgAAAGCCGGjgCTCAGTTCGGATlgGGGGTCT M 



. avium 

. intracellulare 

.paratuberc. 

. scrofulaceum 

.tuberculosis 

.bovis 

.leprae 

.kansasii 
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.gordonae 

.marinum 



1330 



1340 



1350 



1360 



1304 GCAACTCGACCCCjatGAAGTCGGAGTCGCTAGTAATCGCA M. 
125 6 GCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCA M. 
1298 GCAACT@GACCC^TGAAGTCGGAGTCGCTAGTAATCGCA M. 
1264 GCAACTCGACCCC^TGAAGTCGGAGTCGCTAGTAATCGCA M. 
1268 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M. 
1407 GCAACTCGACCCCSTGAAGTCGGAGTCGCTAGTAATCGCA M. 
1319 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M. 

1266 GCAACTCGACCCCSTGAAGTCGGAGTCGCTAGTAATCGCA M. 

1267 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M. 
1300 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M. 
1260 GCAACTCGACCCCGTGAAGTCGGAGTCGCTAGTAATCGCA M. 
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